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ABSTRACT 


The purpose of this study was to pilot an instructional 
program for low achieving junior high school students to 
determine: 

1. the optimum position of teacher explanation/ 

demonstration in the sequence; 

2. advisability of teaching for daily mastery of lessons; 

3. effect of socially relevant activities on learning. 
The study was also intended to provide insight into extra- 
instructional factors which influence learning. 

The instructional program was developed for the low 
achiever and as such was designed to include materials of a 
concrete as well as symbolic nature. Each concept was presented 
in physical and symbolic embodiments. 

Two groups of grade 7 and grade 8 students were chosen 
and both groups received lessons covering the same topics: 
geometry; linear measure; and operations with signed numbers. 
Each of the three cognitive variables was studied during a 
single phase and conclusions were based on achievement test 
scores for the two groups, teacher response to alternate 
treatments of each variable, and student responses as recorded 
in diaries and during personal interview. 

The teacher explanation/demonstration appeared to have a 
dual function. It served as a set of directions which indicated 


how students were to proceed with a given activity. These 
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directions may also contain rules or relationships to be 
discovered. Findings indicate that whereas all instructions 
and questions being answered by the activities must be given 
prior to an activity, a statement of relationships is probably 
best left until activities are completed. 

The results with respect to the other two variables were 
less clear. Mastery of daily lessons was difficult to assess 
but evidence suggests that repetition of lesson content does 
increase retention. It would also appear that activities of a 
socially relevant nature facilitate transfer of structure from 
activity model to mathematical model. 

Students felt they understood questions better when 
physical activities were available and enjoyed working in groups. 
All students wished to continue learning math using activities 
but most believed the "old math" (fractions) could never be 
learned this way. 

Two influential extra-instructional factors were noted in 
student diaries. Marking on an individual basis was found to 
seriously inhibit cooperation during a lesson and students were 
inclined to judge a lesson by their perceptions of the teacher 
that day. 

It was concluded that an instructional program involving 
the approach above merits further trial and the three selected 
variables as well as extra-instructional variables merit further 


study. 


ue st ih el 
4 | “eta 22 sina a yas 

Sinise = inne nmabasel 
felon 9, ULWIAEED AbW enone! YIinb Bo eRTHRM snsts aust 
spok yovinen:jeausl Tovwatshraqes sad2 aveomgue asnahtes ced 
u te pabstitiine Sd, aigya“oaty Bevow 31 nol mows: sanetaalk 
we ssueausze: Rb: InYeHiies Qinstlioe! souten aoevelss “liaioos 
| Hobe Lankeseotian 65 Intaw catvitse 

note IsdIa} anobtnoup boodzm#hnau ysd) 3iol asoetwye 
| inquors nF gulittow Soyalne Lise wfitet bon anar antakrtion Leoteydg 
waksholiton gittew Mommiamberen® « vinganeo os bafatw espphuae ILA 
sy asdla Met Uiedicealy Neca ad? cilaeisaldad Sasa kee 
‘Yew 2td9 beeesel 

rie eee area? 
3 : bat Ga co gulevell .epbrekd sosbose 
iii ‘dst poo Aiulas stant 
Bia smnat > uglt o2 bontton 
teh sets 


ACKNOWLEDGEMENTS 


I wish to express my appreciation to those responsible 
for helping me complete this project. Especially to: 

Dr. T. E. Kieren, my very tolerant advisor; 

Dr. A. T. Olson and Dr. K. A. Neufeld, who very kindly 
agreed to serve on the thesis committee; 

Theresa Comrie, whose insight and knowledge of the 
students was a great help to me; 

The Edmonton Separate School Board and Administrators of 
St. basil ochoor. 

Ken and Elkanah Babcock, for providing unlimited 


patience. 


vi 


. 
, Ae ° . 


— 77, 7 
. agus ae o ater ihy = 


] ) = 4 


Stdtanntase smolts 02 aohrubsaiqye ee Kussaxs 07 Mietw T 
to ghletoage® temboxe uefa axeiqueo 48 Gatyied = 
| irowtvbe, see99L09 ery om jpseek .3. Ry aa 
elbald grav otha jbisteat <A .x .10 tee woei0 .T A -20 
: zandiiages alesis ads no evesa OF bent, 
; sita to sybetwoat lh iigient seudy ,v2tand wegradT 
| ion 02 Glen IAety o ev etowhuie 
20 syotetiutalebA fen brent leorictd srnieqe?® wosnomed edt ; 
loutse Lient 32 
Aetiadin gotbavese xo} odode! deemNS “hin, one 
-s20si3ag 


TABLE OF 


Dist) OF TABLES 8. epee aie. te ae 
CHAPTER 

I. THE CURRENT PROBLEM. . 

Introduction, = sam ne. 

The ve CODLets.arunsees en. 


Definition of Terms . 


CONTENTS 


Page 


. ° e e e . . e ° . e e e e 5 


PHeeExPeLAMeied eSeUCINe to suctp.e Mek cum statics ict <aens ee 6 


Dedcimicea tllon's mea eaenee 


e e e ° e e e e e e e e e e 7 


NACULCHOLEENeEoaMDLe. soc met) sees Bh) conse teas ve 7, 


Duratbioneol tthesotud ys, oa erpemrir ss tec ce es eo oe y, 


Topics and Materials used in the Study. .... 7 


Outline of the Report . 


II. THE THEORETICAL POSITION. 


Introduction... a). 


na Sot eT Gn) les ee ee 
Ss res, (iP ea ee ees 


ee se ae wise ALAA) 


Theories ol Cognitive: Development), <5)... 5 + « s2 LU 


Characteristics of the Low Achiever/Slow Learner. . 15 


Detanve1onsicmn 


Characteristics . 


eee Uwe tae ie ter ta es eel 


. e e e e . ° e e e . e . e 18 


Instructions le Guidelines wai wo Gece ses eu 


Current Developments and Research. ........ 22 


AuPossible+FPian: .s.es 


III. DESIGN OF THE STUDY. . 


lijeliererorehby@jesifepm, 5 65 4 o 


i 


Veda ee eels ao ey RR oO tee 
oes + & Be Se ee ae HB y® ea deta T Tweet ART ot 
ons © @& © Ff » «© @ 6 ‘ ’ 4 ’ * * * q robtoubotad > 


° 
& 
+ 
. 


b Rie te pints «© pss 4 > i « MONT ent 
- yo atrteT Zo gokabpl ied 
sy eee wee ale ¢ 00 bie? Dasqaapraiged elf? 
= ow «ae elas eae, Pe 4ce + & 0 ah Cease ee 
pene we tad ay SabpeR 449° I> agape 


* ee ie &£ ee © 4 = we ybua2 aid Jo apljciww 


“A nA we ae She hS 
e 
« 
« 
* 
* 
e 


eyes © BUSS Gis BP bees atettavet bie! ankqo? 

ie wwe aha ye ie . « « ¢ » Seqe? saz Jo serio 
ee ee ae porraeanty a at 
oe we wl boa wwe fol hot o ', + WARE Se 

ro re a aT arisngolayed | svizirged to eatcnal? 

: (taprand WOE AMOK Poles to gobs tresoe vay 
eee OP ew eis le te 4 ow © OnGPed 

Hee ene s re Pee ees aie sniiisgioiaw ond 


; ’ on a, oO 


- | 
2 e « © & 


-— 
i * 


— 


ais 
’ U 
a isiat) i) welt 
‘73 wy tit 


« 
ony 
pe ae 

a 


7 . . i = iy 
, 

Oe 

7 eo 


7 wi am rt 
re oy 7 sh Sidi > 


oe Ihe ine 


ee -_ ; 
ie ae 


CHAPTER 


LV Gea 


ASSOCIATED WITH THREE INSTRUCTIONAL VARIABLES . 


Adaleo Syribep Roe AAP Ao ey ene Ce re ary eh re a oer 
Pete eyes oe ace al Be ep eR A ee Ae es 
EXiStingeProgyweni.) sis). ices sa sls) re 
Grades eve le irem paleo menisa sa: «hs aca ae ennai 
SlLUdent Guat acteristics .0 a) it suks lice = ie 

Treatments. ot. elaine ee aoe hs raedl 
ChoicegOceLNLeMLODLCS ne tie! uc ls ns ie els 
Choice of Lessons and Materials .... 
Organization for Instruction. 


Procedure e e ° ° e e e e e e e . ° 


Chronological Organization of the Study . 


COUGE OES serves oust. eae drs eens Rieu ames! ve 
Teacher Orientation... 
SEUdenESOr entat lone. s . csteeuis eh sets 

ANCLCIDACCOALULeCt aa. csr wes eat e ule ich eal ales 
COGN LEAVE TASDECT im. beats ees as sees ie 
Olinda LeASveC tls. is. brute ce ts 

Data Collecting Activities and Instruments, 
COUMLLLV Gi. weiss ecuus Tis) os) aaues os ioe lils so 6 
GRIND Ca] erste eukateedts iets et celat o> oht'eo 6 airs 

Evaluation Proceuure.). =. . ns sas 1 < ce 


DESCRIPTION AND ANALYSIS OF BEHAVIORS 


Introduction. e . e e e . e e e e e e e e e 
ihecyela(aoe Weweecealem 5 5 4 56 6 6 & a Oot 


viii 


Page 
30 
30 
30 
30 
ofl 
32 
a2 
a2 
33 
34 
CB) 
37 
37 
38 
39 
39 
40 
4l 
4l 
42 


43 


46 
46 


47 


ier 
ee 
4 te yy Mlevedl aes 
. eabdelrassasadtd Jashush 
ea ey ee 6) > See 
se ey + Boheet ata Yo ented) 
. ahatteielt ties accessed te sated) 
«dot Micitani to? sokteaineg 
sh eek ee te ew ee SRIOFT 
20 tmdetartneg tt! Lerkgutonnsdd 
2 » « selowgnad 
nat sagealeO tensasT 
notsagpetso tredead 
- « BPOOIT Haseqio’ 10h 
’ bleh! tiga 
id ee 
aidie tows aabiivizas grtmetiad paad 
ee ee » BVPI MCD 
Ce 


Re ot ee TR a ah be 
YVanae TE TTARA (RA 7 


oe 
#e 
ee 
st 
ge 
ge 
ee 
a 
ve 
ve 
a 
ee 
ec 
eo 


. 7 *y 


CHAPTER 

Student Response to Sequence Position... . 
Teacher Response to Sequence Position... 

Achievement scores measured over the two 
Crea tmenCacmenrs Geitses ss (6) <7 tee Tena eres 
Dally MASTERY Mme meet cotemte) cs) 9) tere ee eles eat aes 
Student Response to the Mastery Lessons . . 
Teacher Response to the Mastery Lessons. . 
ACHLGY CMEC MOCOLCS sarcgre Parten eeies cs ele) Gur oeee 
SOCtAleReLCVAICe mV GL LADLGE. esas oe 5 ce cess oo 
Student Responses to the two activity types 
Teacher Response to the two activity types. 
Achievement Scores for the Lessons. .... 
SUMMaty BOL And Lie sme cure cue stae tat Ser fcetire oils 
V. STUDENT - TEACHER RESPONSE TO CERTAIN ASPECTS OF 


THE SLNSERUGT PONAT AE ROGRAMSR Rau ll <tner se 6) al als, 


PE LOCUGE COMER. Ba mseGe tiie mea neh wots ee os Welt cell sonia 
ROSpOUuSe LO EhyaicaleACLIVICLCS fn. sce sss 
ResponcestorGLOoupsne =. ayes suis | rise ec seam cue 


Extra-Instructional Factors Effecting 
GClassnroomprertormancee ar, mt acl eer cerca me 
Response to the Grading Procedure..... 
Student-Teacher Relationship and its Effect 
ON sthe ErOjeCtcs sareth stewie! se ueetes Cetasn ess 
SUMMA LY goeae ees tes) ovtwuey oh e ents etc Era hls Ors 6 as ues 


VI. SUMMARY, CONCLUSIONS, AND IMPLICATIONS FOR 
ix 


Page 
48 


50 


52 
56 
56 
58 
59 
61 
62 
63 
64 


66 


67 
67 
68 


70 


rhs 


iZ 


Tis) 


76 


* =e © © 


~s * & = © ear earue © Fw SS 


, Baga (Ikelite owt sdt o> soeragesl jriebuat 
. equa vatelyos owt sila ‘ov eagogeed tatoasT 


—_ 


ow ew ble mh we wm ee . Sonmmiphrel avorssal) 
a ane UDO atbeND lo. dng 
i ae Oy any 
: ane Rant snarangs woe 
us as _ _ Mt 


te e. oo. ey: 
_ ony “ie _ 


ras 


7 — : : 


- 


CHAPTER 


MATHEMATICS EDUCATION AND FURTHER RESEARCH. 


Purpose Of thes ScCudy aun.) sms Mauls es 


PINGING SeOLeENeMOLUGY same Eels ean. ce 


Conclusions and Implications for Mathematics 


EGUCAL LON 2 cms me ie meee Eee othe) Veo ss 


Teacher Explanation/Demonstration 


Mastery of Daily Lessons. ... 


Socially Relevant Activities. . 


The Optimum Instructional Sequence, 


LessoneActi Vit Lec au ee.) sis se 

GLOUD LN tsetse ae e ewe (cane 

Student Response to Discipline, 
Implications for Research, .... 
BEBULOGR APH Y carcuteit. tetes mel oil euieuicin = ls och erks 


APPENDIX 


A. Sample Lesson Activities and Exercises, 


wa yNelsleASuvsste ANSCREE) § 4 46 6 6 5 46 6 


Ce CUGeT! CO COLES.cay, stce si hel scene les fe 


Page 


78 


78 


12 


81 


81 


82 


83 


84 


85 


85 


86 


87 


90 


94 


103 


19 


~~ 


_> Se 8eeeseeess es 


+ + SMA RMA Oe 
AG 
vn kin wee A eee «+ GME BE Te eget 
dobinmadauh xo? atictzeortgn? tne, ¢antoutonod 

sare te, a ht eek 

oe tele Glee aap MOAT Ylintl 20 Ys9IeaM 

cw te nw ps Sestehehrss. doaveie’. yiesooe 
Adusupe? lanolisestan! quel ped: SAT 

So) bea we» Sy BORO PVIISS. adaeel 

ge wre tele. ped ley vis iy, see 

y Mee woe pe eaMbigi waht oy seaguas® sneha 

est Une ae & & Hp asoNeR 362, conlosgtlgak 

ale dudes eae & xa ney ole + 
+ + 4s esRtoteehon sebthyhinA noreod ghqmbe A 
ote ta iden we ewe ee » STENT Temovatnod oT 
Sib Oe ale sn oo» ANON THOS 49 


.” 
— 


s 
» 
* 


| 


TABLE 


4.3 


4.4 


4.5 


4.6 


4.7 


4.8 


4.9 


4.10 


LIST OF TABLES 


Mean I. Q. Scores and Age of Students in the 
Two Groups. . e e e e e e e e e e e e e e e e e . 


Data Collecting Tools and Activities Associated 
with each’ Aspect) of thevstudyi.as « « . s «2 «9s 


Lessons Students Enjoyed Most . . ...+..+s. « » 
Lessons Students Believed they Learned Most From. 


Mean Achievement Scores Under the Two Teacher 
PxplanationerrearmentsslOreGroups lees lsjus oe einen 


Mean Achievement Scores Under the Two Teacher 
Explanation Teatments: for Croupal les iventstios % 


Mean Achievement Scores Under the Two Treatments 
POC Lies ciel ech speaking, OUDeTOUD! .alnu sis) remeernicl + 


Mean Achievement Scores Under the Two Treatments 
for the Non-English Speaking Subgroup ...... 


Mean Achievement Scores of Both Groups After 
thesMas terval NdSCe. 0 .at.nier tii suleen. ae a ae <a e sarees 


Percentage of Students Receiving Full Credit 
on Items on the Mastery Achievement Test. .... 


Mean Achievement Scores on Both Topics for 
Group Hi e ° e e e e e e ° e e e e e e e e e e e e 


Mean Achievement Scores on Both Topics for 
Group alee e e e e e ° ° e e e e e e e e e e ° e e 


Percentage of Students Receiving Full Credit on 
Individual Items of the Mastery Achievement Test 
in Group ie e e e e e . e e es e e e e e ° e e e e 


Percentage of Students Receiving Full Credit on 


Individual Items of the Mastery Achievement Test 
In Group LL e ° e ° e e ° e e . e e e . e e e e ° 


xi 


Page 


SH 


44 
49 


49 


54 


54 


55 


55 


60 


60 


65 


65 


74 


74 


a 

a 

7 
: _ 
a sgn ney 3 pad a oy uct ee RAT 
: abe iabiahecunns aun Le 

; *_** at oat eee ste Pa a 

msn §.€ 

Ae +e ew ee ssiviyay ed wlput saxtaeten noel 
SEG 3. Wo tam) Coateercns Jao devoted ejasburt anseant = 1.4 
go en ia acieesniadinied ta 
re tebe IosmsyveliokA ons =6£,0 

ae + af quays), 202 #2 nal sume lage | 
asdoest awl aio meball estas sammovplifaA coo = ALB 

Mo ee we ag BD queied meh Usesaveat? webustn leat 
+ ets Soe ee ens eee oe 2.4 

ve ~ Haenndae gupliag? dariqad atv x02 
ee 2 detsinoveldod a4 

2 - Gates aahinbie bei igre-cor ai act 
aT ee vere eee ee T.8 

| a , onbet erisaet ety 
yfhew , ie sgesnastet = Bs 
ne oe . A Picton wi ce aeoe ae . 


| . ne 
1 apes se » « 7, qQuoxt 


7 ayeroies ay a 


€ terre 


que. 
WES ko ne & o i ona 


OL a 


CHAPTER I 


THE CURRENT PROBLEM 


I. INTRODUCTION 


A great deal of attention has been given to the 
development of new teaching methods in mathematics over the past 
fifteen years and programs for the average and above average 
student have been the subject of much experimentation by 
mathematics educators. Experiments concerning the teaching and 
learning of structure have been carried out on "good" students 
who have been able to articulate meaningful responses to the 
experimenter. These students have facilitated progress on 
various instructional and learning theories by virtue of their 
ability to verbalize their reasoning in mathematical experiments. 
(Brownell, 1963) 

In the flurry of activity one group has generally been 
ignored. Those students who score below the 30th percentile 
in mathematics achievement, often low achievers in other subjects 
as well, have been penalized for failure to perform adequately. 
Conferences on the low achiever have been characterized by 
discussion of a descriptive nature. The question has been "who" 
is the slow learner and very rarely "why" is he a slow learner? 
Experimentation done in the individual classroom has often been 
fragmentary in nature with activities introduced as desirable 
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ends in themselves rather than to determine where in the 
instructional sequence such activities would most beneficially 
be introduced. Very little or no in-class experimentation 

has been done to determine the learning needs of the low achiever 
in terms of his developing intellect. For example, experiments 
to determine the power of different modes of conceptual 
representation have not been carried out on large groups of 

low achievers in junior high mathematics. 

The literature abounds with studies revealing the need 
for remediation with fundamental operations at the junior high 
level. There is also an abundance of research to indicate low 
achievers are operating concretely and need physical 
representations of mathematical concepts. The massive failure 
of these students to cope with algorithms at an elementary 
level and a parallel failure of the school system to provide 
alternate methods of achieving the mathematical objectives has 
resulted in a large proportion of students in need of 
remediation. It has been recognised (Lovell, 1961) that low 
achievers are behind their counterparts in terms of intellectual 
development and this information must be utilized in refining 
the instructional program to meet their needs. 

The qualitative differences which exist between low 
achievers and average students with respect to self-concept 
unquestionably effect progress in the cognitive domain. By way 
of definition, self-concept is: 
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appearance, background and origins, abilities 
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and resources, attitudes and feelings which 

culminate as a directing force in behavior. 

(LaBenne and Greene, 1969, p. 10) 

One manifestation of the self-concept is behavior in the academic 
setting. It is significant that students develop a concept of 
self which draws largely from perceptions of what others think 
of them. In the academic situation the most significant others 
are fellow students and teachers. By the time he reaches junior 
high school the student's self-concept has been reinforced by 
many years of success or failure. The low achiever has labelled 
himself a failure and established his expectations accordingly. 
Likewise his poor attitude toward school in general and 
mathematics in particular makes the low achiever an undesirable 
subject on whom to pilot experimental programs. 

More and more money is being paid out for education but 
the educational product has not shown a corresponding growth. 
(Lieberman, 1970) The drop-out rate is increasing and the 
students who leave school before graduation are from that group 
which falls below the 30th percentile in over-all achievement. 
One recent response to the drop-out rate and illiteracy problem 
has been pressure for accountability in education. The 
implementation of performance contracts in the U. S. was undertaken 
initially as a last resort in the war against academic failure. 
Concern has been shown not only by professional educators but 
the government and public in general. (Stucker, 1971) If the 
educational system is to be a success, in fulfilling an 


obligation to the public it serves, some answers must be found 
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to the problems of the low achiever--not just who he is but why 


he is and what can be done to give him success. 


II. THE PROBLEM 


The purpose of the study was two-fold. First, it was 
intended to explore a specific instructional program to determine 
those factors which contribute most to academic success. Stated 
in three parts: 

1. Does the position of teacher explanation and 
demonstration of a concept in the instructional 
sequence effect achievement scores? Is there an 
optimum position in the sequence? 

2. What is the nature of the effect on achievement test 
scores by students who master each lesson when 
compared with students who do not master each lesson? 

3. Does the lesson's context effect achievement test 
scores? Does the student who receives a socially 
relevant (related to his own experiences) 
presentation compare favorably with the student who 
receives a purely academic treatment of the same 
concept? 

Furthermore, use of physical materials and permitting 

students to work in small groups were two basic ingredients of 
the program. An attempt was made to determine the success of 


incorporating these items. 
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Secondly, it was hoped that through a combination of 
student response in diaries, personal interviews with students, 
and teacher response to various aspects of the program, some 
insight would be provided into the interrelationships of 
student characteristics and an instructional program of the 
type proposed. Specifically, the researcher hoped to determine 
which of those characteristics peculiar to low achievers would 


facilitate learning and which proved to inhibit learning. 


III. DEFINITION OF TERMS 


For this study the following meanings will be associated 
with the given terms: 

Slow earner: Any student who has a measured I. Q. less 
than 90. 

Low achiever: Any student who is achieving at or below 
the 30th percentile in mathematics in his petioe te 

Teacher explanation/demonstration: Teacher lecture or 
presentation with the intention of areas the student with 
concepts and relationships of an abstract nature. 

Mastery: Achievement of lesson objectives by 
approximately 80% of the class or more as evidenced by correct 
completion of daily lesson exercises. 

Social relevance: Pertaining to the context or 
activities of a lesson, those to which students readily relate 


in their daily experiences. 
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Instructional sequence: The order in which the various 
instructional devices are incorporated into the daily lesson. 
For this study we are concerned specifically with the order of 
physical embodiment and teacher explanation in the development 


of each lesson. 


IV. THE EXPERIMENTAL SETTING 


Two groups of students were formed from special sections 
of grade 7 and grade 8 classes in one Edmonton school. An entire 
class of special grade 7 and six special grade 8 students were 
included in the study. 

The study was implemented during the regular class time 
every day for approximately six weeks. It was divided into 
three phases to facilitate inspection of the three problem 
areas: 

1. teacher demonstration: phase I--expected to last 

2-3 weeks. 
2. mastery: phase II--expected to last 2 weeks. 
3. socially relevant activities: phase III--expected 
to last 1-2 weeks. 
The researcher instructed group I and the special grade 7 teacher 


instructed group II for the duration of the study. 
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V. DELIMITATIONS 


Nature of the Sample 


Students who participated in the study were from special 
sections in mathematics. All were low achievers in the general 
school program. A majority of the grade 7 students were 
suffering some degree of language handicap with three students 
unable to speak English. Many of the students lived in homes 
where English was not the spoken language. 

The sample was divided into two groups with the six 


grade 8 students confined to one group. 


Duration of the Study 


The study was designed to cover six weeks. A variety of 
unforeseen events such as special vacations, extra-curricular 
activities and teacher absence combined to increase the actual 


time to just short of eight weeks. 


Topics and Materials used in the Study 


The Special classes had been following a textbook 
development which focussed on remedial topics such as operations 
with rational numbers. Essentially no physical activities or 
laboratories were used in instruction and treatments were 
generally abstract. Unfamiliar topics were introduced with 


this study under the assumption that student responses to 
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variables under investigation would not be contaminated by prior 
exposure. Plane geometry was developed over the first two 
phases of the study and linear measure and operations with 


integers were introduced in phase III. 


VI. OUTLINE OF THE REPORT 


In this chapter the problem and its context have been 
discussed. Chapter II will provide a theoretical framework 
from which the instructional variables were drawn and includes a 
review of literature having direct bearing on the topic of the 
low achiever. Chapter III includes a description of the 
instructional program and a design for studying the dependent 
variables. The Chapter also includes a discussion of provisions 
to be made for studying student responses other than those 
directly measurable in terms of achievement tests. Chapter IV 
includes results from the planned experiment and creoted V 
was devoted to a report on student responses to the experiment. 
Chapter VI is a summary of findings and includes conclusions 


and implications. 
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CHAPTER II 


THE THEORETICAL POSITION 


I. INTRODUCTION 


In this chapter an attempt will be made to develop an 


instructional framework for the low achiever. Thus the chapter 


will examine existing theories related to mathematics instruction 


and to the low achiever and seek relationships between them. 
The first part of the Chapter will include brief summaries of 
relevant theories. A second part will contain a discussion of 
who the low achiever/slow learner is and will dwell especially 
upon that group of students who are behind their counterparts 
from a developmental point of view. The present report is 
concerned with the junior high student and thus this chapter 
will focus on that particular age group, roughly from twelve 
to sixteen years of age. Included is a review of current 
research and those programs that have implications for the low 
achiever/slow learner. Finally, an attempt will be made to 
synthesize the information into an optimum instructional 
program for the low achiever. This theoretical discussion will 
include an explanation and description of concept presentation 
which, when considered as an outcome of the foregoing theories 
and findings, should provide an effective means by which to 
present mathematical concepts to the low achiever in the junior 
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high school. 


II. THEORIES OF COGNITIVE DEVELOPMENT 


Fundamental to the structurally based theories of 
learning and instruction of mathematics is the developmental 
theory of Jean Piaget and the Genevan School. Piaget sees the 
development of a child manifested in four stages, unalterable 
in sequence and necessary for the complete development of the 
child. The stages are: 

sensori-motor - generally in effect until 18 months of 

age. 

pre-operational - ending around 7 or 8 years of age. 

concrete operational - effective usually until early 

adolescence. 

formal operational - characterized by the adult ability 

to reason formally. | 
Age boundaries have been set by Piaget with a great deal of 
latitude. The boundaries are subject to cultural influence 
(Piaget, 1950) and cannot be assumed for every individual within 
a group. 

Piaget views intelligence as developmental according to 
the four stages and sees the progression as facilitating further 
adaptation of the individual to his environment. The individual 
is believed to have developed a mental structure, or schema, 


through accident, design, or both, which is exposed to continuous 
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influence from the environment. Any stimulus which is readily 
accepted into the existing schema is assimilated. That stimulus 
which does not readily fit existing schema will precipitate 
growth of a suitable structure. The process whereby a new 
schema emerges is referred to as accommodation. The difference 
between assimilation and accommodation is one of a confounding 
effect and learning, or adaptation to one's environment, is 
effected when both assimilation and accommodation are occurring 
with exposure to external stimuli. 

The stage of development which characterizes the individual 
is determined by the degree to which he is able to operate upon 
objects. The child progresses from immediate physical actions 
on objects, through the hierarchy of stages, until he is able 
to operate on ideas. This is manifest in the stage of formal 
operations where concrete materials are no longer necessary as 
operative devices. The significant ability is that of interacting 
with an object at greater and greater spatio-temporal distances 
(1950). That is to say, development of the intellect will reach 
its logical conclusion when the individual is able to interact 
with an idea as separate from a physical embodiment. He operates 
and reverses the operation internally, and without need of a 
concrete embodiment. 

In relating his psychology of intelligence to the cognitive 
task Piaget (1964) asserts that learning is subordinate to the 
sequential course of development. The implication for education 


is that a child needs concrete materials to learn concepts until 
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he is able to operate on ideas alone (Flavell, 1963). The actions 
on the objects must become interiorized before the child has 
knowledge and the child must "know" the physical properties and 
operations before he can operate on the abstractions. 

Of those who follow the principles of developmental 
psychology as set forth by Piaget, Jerome Bruner has made 
significant contribution with respect to the development of 
mathematics learning. Fundamental to Bruner's Cognitive theory 
(Bruner, 1966) are the possible ways in which a concept may be 
conveyed. These ways he calls the modes of representation and 
distinguishes three types. The enactive representation involves 
physical activity which conveys a perceptual understanding of 
the concept. Ikonic representations are those which consist of 
images or models of the concept and which are perceptually apparent 
to the individual. The third mode, symbolic representation, is 
characterized by a description of the concept using symbols. 

This association of symbol and idea may not be perceptually 
obvious. Symbolic representations require a store of images with 
which they can be related in order for the individual to understand 
his manipulations of the symbols. 

The parallel with the Piagetian stages is striking and 
Bruner (1964) has suggested that, in fact, the learning of a 
concept probably progresses naturally through the three 
representations. An individual may experience a concept spirally, 
beginning with the physical and ending with the symbolic, or he 


may bypass the first one or two representations and deal directly 
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with the symbolic eefuned: 1960). The obvious problem with 
presenting concepts symbolically is that the underlying 
assumption that a concrete association exists may prove false. 
In this event the symbols may be memorized but learning will not 
take place. The implications for education is not simply one of 
the most suitable mode of representation for a given age; it 
also suggests the need for a repertoire of suitable images before 
a concept can be developed in its abstract form. In the 
Piagetian sense this might logically mean that a mathematical 
concept be presented enactively to children in very early grades, 
again embodied in models and finally, probably at the high 
school level, in its most symbolic form. Bruner believes that 
the concept may be developed with certainty only if the mental 
imagery is available but that the images may be introduced 
immediately prior to the symbolic representation. The sequence 
of representations is the critical issue and on this Piaget and 
Bruner seem to agree. 

Another psychologist-mathematician whose research shows 
the Piagetian influence is Z. P. Dienes. Originally, Dienes (1960) 
saw the development of a concept progressing naturally from a 
random play stage, through directed play, and on to arrival at 
the abstract idea which is then analyzed and reflected upon. 
The final stage is characterized by practice with the idea. 

Following a study with Bruner at Harvard, Dienes (1963) 
modified the cyclic structure formulated above and related the 


sequence more to personality factors and characteristics of 
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materials used. He found that unstructured and structured play, 
previously thought to be in strict order, were in fact highly 
variable in order of occurrence. The development of concepts 
will occur naturally according to the above stages which Dienes 
calls "games". 

Arrival at a mathematical concept will be facilitated by 
the adherence to certain principles. The Multiple-Embodiment 
principle stipulates the concept be presented in many different 
physical forms. This insures that the idea will be abstracted in 
a pure form and not in association with a concrete object. The 
Dynamic principle states the need for direct manipulation and 
physical involvement with concrete objects. Essentially, the 
student will not abstract the concept until he has "played" 
with the ideas and arrived at an insight. The Mathematical 
Variability principle stresses the need for varying all variables. 
The student will not easily recognize that which remains fixed 
unless it is placed in a variety of contexts. A recent study by 
Dienes and Jeeves (1970) has provided evidence to support varying 
the symbolism used to label abstractions. The traditional belief 
that a single symbol system is advantageous to learning has been 
seriously challenged. Rather, evidence suggests that more than 
one symbol system be developed for a situation and each system 
studied in a variety of settings. Thus the symbols would be 
appreciated as part of an abstract structure and not the 
particular situation. 


Dienes found some problems with the implementation of the 
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HGLEYpVesEbodamentettva Mathematical Variability principles. 
(Dienes, 1963) It was found that providing too many embodiments 
proved confusing to "better" students and the excess embodiments 
were thought to contribute too much "noise" for abstraction to 
take place. The Mathematical-Variability principle (application 
of) presented the problem of how many variables can be 
manipulated at once. It may be that some students must be 
provided very few variables and the number increased only when 


generalization has taken place. 


III. CHAKACTERISTICS OF THE LOW ACHIEVER/SLOW LEARNER 
Definitions 


The current study is concerned with the student who is 
working below grade level in mathematics. Various descriptions 
and distinctions have been made by researchers but. two distinct 
categories emerge from the literature. 

Potter and Mallory (1958) define the slow learner as one 
who has an "I. Q." between 70 and 90. They view this as an 
inherent attribute, unaffected by nurture. 

Marilyn Suydam (1971) divides that group which is working 
below grade level into two classes. The first she labels 
"environmentally disadvantaged" (culturally deprived). This 
group presents a special subset of problems which tend to prevent 
proper measurement of abilities, making diagnosis for inclusion 


into an ability group very difficult. Certain cultural factors 
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influencesiarQacand sthuse@l. <Q. may Nottbe la evaliddvcriteria by 
which to determine ability within this group. The second 
subgroup Suydam labels "academically disadvantaged" and further 
divides this into those of low intellectual ability and those 
below average in achievement. In the latter group are the low 
achiever and under-achiever, both characterized by a potential 
for greater achievement following remedial work. The group 
characterized by low intellectual ability, slow learners and the 
mentally retarded, differ in that achievement level will not 
increase following remediation. 

Younie (1967) labels slow learner ail students whose 
intellectual development has been retarded and so cannot meet the 
academic requirements and expectations placed on him. There 
are five subgroups defined: 

1. the underachiever 

2. mentally retarded 

3. sensorily impaired 

4. emotionally disturbed 

5. culturally deprived. 

The slow learner who is most frequently encountered in the 
classroom Younie describes as having an I. Q. between 75 and 90 
and achievement scores 1% - 2 years behind grade level. These 
students constitute approximately 15-20% of the school 
population. 

Beilin and Gotkin (1964) in researching the slum child 


found him to be on the average about two years behind his middle 
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class counterpart in terms of intellectual development. 

Max Sobel (1965) defines the slow learner in terms of 
local associations. The student who ranks below the 30th 
percentile in mathematics by standards set at the local level 
is considered to be a slow learner. Generally, I. Q. will be 
between 75 and 90 with a mean of 85. 

Gerardi (Woodby, 1964), in discussing the Junior High 
school student defines the slow learner as one who: 

1. falls below the 30th percentile in achievement. 

2. has an I. Q. between 80 and 90. 

3. has a reading level at grade 4. 

4. has a record of poor achievement in all subjects. 

Leiderman (SMSG, 1964) defines the slow learner as any 
student who fits either or both of the following. He must have 
an I. Q. between 75 and 90 verbal or he must be 2 years behind 
in achievement. The distinction is not made between students 
who have experienced early deprivation of phat cet or social 
experiences and those who are genetically limited. 

Kidd, et al. (1970) have illustrated graphically that 
students who have difficulty learning mathematics cannot be 
made to fit easily any one category. They are defined in a 
variety of unflattering ways: 

1. low achiever - those who achieve at 2 years below 

grade level in all subjects. 

2. under-achiever - achievement in mathematics is 1 - 


2 years below other areas of study. 
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3. slow learners - I. Q. less than 90. 

4, culturally disadvantaged. 

It is suggested that a single category may overlap with one or 
more categories, providing many possible subgroups of students 
who are not working at grade level. 

The above definitions generally underscore two specific 
groups with whom we are concerned in the classroom. One is the 
genetically deficient and the other is the student who has the 
native ability but who is not achieving at a level commensurate 
with his classmates. The amount of overlap is considerable but 
in grouping practices at the junior high level it can be assumed 
that the low achievement group is also that group which has the 


lowest I. Q. 


Characteristics 


Research has provided characterizations Heh describe the 
low achiever/slow learner. Beilin and Gotkin (1964) found the 
intellectual performance of the slum child to be comparable with 
that of a younger middle class child. In terms of Piagetian 
development, the slow learner is beset by language difficulties 
and a limited ability to conserve. 

Kidd, et al. claim the student of good ability who is 
doing poorly in mathematics is generally an anxious child. 
Feldhausen and Klausmeier (Suydam, 1971) report that children of 
low I. Q. have a greater mean anxiety level than students of 


average ability. 
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Younie (1967) sees the low ability/achievement student as 
devalued by society. This label produces a bad self-concept and 
hence truancy, dropping-out, and delinquency. 

Lovell (1961) has determined that the less able 
adolescent does not develop beyond the concrete operational 
stage and in this Lovell is reinforced by Inhelder (1958) who 
attributes slight backwardness to an inability to reason 
formally. 

Sobel (1959) suggests that certain characteristics 
which apply to all adolescents become crucial when considering 
the implications for the education of the slow learner. The 
slow learner becomes obsessed with "getting the answer" and 
does not concern himself with whether the answer is right or 
wrong. 

Younie (1967) has suggested that the student who 
achieves lowly in secondary mathematics is a low achiever in 
other subjects as well. The condition has become chronic by the 
junior high years. 

The characteristics described above have serious implica- 
tions for mathematics education and the student who achieves 
lowly in general. 

A few words are in order concerning the factors which 
influenced the growth of those characteristics which distinguish 
the low achiever/slow learner. Leiderman (SMSG, 1964) is quite 
radical in his assumption that the cause of low I. Q. and 


retardation of achievement may be traced directly to a 
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deprivation of physical and social experiences earlier in life. 
He does not attribute low achievement to genetic deficiency. 
Piaget and Inhelder (1958) concur with the suggestion that growth 
of formal thinking is dependent more upon social factors than 
neurological. Piaget (1964) has further stated that 
intellectual development is dependent upon verbal interaction. 
Correlations exist between student achievement and 
attitude. Students who do poorly in mathematics frequently have 
very negative feelings toward the subject. (Aiken, 1970)  Husen 
(Aiken, 1970) found correlations between attitude of students 
and teacher understanding of mathematics. Generally, teachers 
who understood their subject had students with good attitudes. 
Birr (1969) reports that the way parents view their 
children's ability has significant effects upon the students’ 
self-concept and Younie (1967) reports that in defending against 
the devaluation by society the student creates more learning 
problems for himself. Kidd, et al. (1971) report that students 
of average or above average ability who are not achieving at 
grade level are frequently suffering anxiety associated with 


parental pressure to do well. 


Instructional Guidelines 


Certain guidelines have been established by researchers 
concerned with programs for the slow learner/low achievers. 


Focus has been somewhat varied in each case but there is nearly 
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unanimous agreement that the following be included in preparing 
a program: 
1. evaluation should be in terms of individual growth. 
2. good work should be exhibited. 
3. students should not be chastised publicly. 
4, homework should be very structured, short, related to 
previously learned material and turned in on time. 
5. course prestige should be developed. 
6. activities must be varied. 
7. concrete presentations should be emphasized. 
8. spiral development of topics and frequent reviews 
are necessary. 
9. subject matter should be correlated with that in 
other courses. 
10. practical application should be included. 
Ll e.drill issessential. 
12. verbal material should be developed orally. 
13. projects should be short with a goal in sight. 
14. instructions must be specific. 
15. quizzes should occur frequently. 
16. students should not be required to verbalize a concept. 
17. laboratory settings are essential. 
18. units should begin with new and significant subject 
matter. 
19. routines should be established and followed. 


Willis (Woodby, 1965, p. 17) stresses the need for 
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diagnosis by a teacher who is capable of recognizing the 
operational level at which the student is learning. The 

teacher must be able to function within the student's frame of 
reference (Woodby, 1965, p. 23) and where this is concrete 
operational in nature must be able to introduce materials 
appropriate to the existing structure. Beilin (1964) recognizes 
a need for materials which will facilitate transition to the 
formal operational level in experientially impoverished students. 
The mechanisms are obscure but possibilities do exist. Students 
must be provided with concrete materials and relationships 
established between the perception and the language equivalent. 
The transition from concrete materials to symbolic 
representations of a related idea must be done in an orderly and 
logical manner. The student will not be capable of formal 
thought until an association has been established between 


language (symbol) and concrete material. 


IV. CURRENT DEVELOPMENTS AND RESEARCH 


Research has been carried out with low achievers and 
slow learners in a variety of settings at the secondary level. 
Generally, research has been done in the classroom with the 
regularly scheduled class, either streamed or heterogeneously 
grouped. Some of the findings may be classified under 
instructional method or learning characteristics. Students 


who have a history of failure in mathematics are generally 
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behind their fellow students in terms of arithmetic skills. 
Research with students in remedial classes has been fairly 
common and some of the findings are reported here. DeVenney 
(SMSG, 1964) reported that students, who were behind grade level 
in mathematics only, benefitted from extensive in-class use of 
data tables and note taking reviews. The students observed were 
working at grade level after one year remediation. 

Younie (1967) has urged that programmed instruction should 
not be relied on nor any totally visual representation. He 
stresses that manipulative devices and activity lessons are 
essential elements for slow learners. 

Recognition of the need for manipulative devices is 
apparent in the research done with laboratory presentations. 
This research has been categorized (Kieren & Vance, 1971) as 
follows: 

1. as separate from the regular program 

2. as integrated into the regular theta 
Separate laboratories are those which have no apparent bearing 
on the topic being developed during the regular class time. 
Integrated laboratories are those which are concerned with the 
same content currently being taken in the regular classroom. 

In neither case has an attempt been made to develop the content 
in a strictly hierarchical manner, or in what Bruner would 
consider to be the natural sequence. Vance (1969) in 
separating the laboratory from the regular learning situation 


found no significant differences for the low achiever at the 
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junior high level ih techs of achievement. He found that the 
students enjoyed the laboratory experience. Wasylyk (paper in 
progress) found that low achievers at the grade 9 level did 
significantly better in terms of achievement when exposed to 
integrated laboratories and found that attitudes improved 
significantly. 

With respect to the multi-embodiment approach suggested 
by Dienes, Biggs (1965) has reported that the low achiever 
benefitted significantly. Dienes (1963) has reported that the 
inability of slow learners to abstract readily makes the 
multiple-embodiment representations a necessity for those 
students. 

The organization of students in classes has been under 
consideration by many researchers. The most common grouping 
practice seems to be that of placing students in a class on 
the basis of his past record of achievement. Thus. we are 
confronted with an entire class of slow learners and low 
achievers. Potter (1958) sees this grouping as essential to 
dealing with the differing abilities effectively. Younie (1967) 
sees grouping according to ability and achievement effective 


' classes 


only if the selection is limited. Too often the "Basic' 
become a dumping ground for misfits of all kinds. These classes 
are no more homogeneous in ability than one class with a wide 
range of student achievement. Gerardi (Woodby, 1965) claims 


that students who are grouped according to ability learn more 


and enjoy more but LaBenne and Greene (1969) claim such labelling 
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can be very damaging to the self-concept. Beilin and Gotkin 
(1964) stress a need for suitable techniques after the grouping 
is established and Sobel (1959) and Younie (1967) stipulate 
need for an entirely new method of instruction after diagnosis 
of the problem. With respect to flexible grouping Sunde (1970) 
has reported that students who are regrouped with the 
introduction of each new topic take advantage of the mobility 
and do not remain permanently in one achievement level group. 
Sobel (1965) reported a need for small remedial groups with 
allowance for transfer to the regular classroom. Remedial 
classes must be instructed by teachers with a positive attitude 


toward the low achiever. 


V. <A POSSIBLE PLAN 


The previous sections of this chapter have been 
provided as a foundation and rationale for the instructional 
program and devices outlined below. A cycle of conceptual 
presentation has been developed for the low achiever/slow 
learner which will be implemented and refined as determined 
by student response to the various alternatives offered. 
Criteria for selection and evaluation will be discussed in 
Chapter III. 

A presentation of mathematical ideas to low achiever/ 
slow learners should begin with new and interesting materials. 


The students under consideration dislike mathematics and 
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generally are alienated by repetition of those topics which have 
ended in failure in past years. (Potter and Mallory, 1958, p. 25) 
For this reason it is proposed that topics be chosen for their 
unfamiliarity to the students and remedial work be undertaken 
only when necessary for skills Balsa nee to the acquisition of 
new concepts. Success with the new concepts can be achieved at 
the appropriate developmental level and therefore each new 
topic should be introduced concretely and transition made to 
symbolic only when the student exhibits an understanding through 
original application of the idea. Although transition to symbolic 
material will be attempted with every concept, it will not be 
viewed as the necessary achievement for mastery. Understanding 
as witnessed by meaningful manipulations of physical 
embodiments will be primary in importance. It is believed that 
many of these students are at a stage of development where 
transition from concrete operational to symbolic thought can 
be facilitated by proper sequencing of representational modes. 
Each concept should be introduced as a laboratory type 
of experience where students are provided with physical 
embodiments which they will be asked to describe and manipulate. 
They will be encouraged to discuss relationships with other 
students and systematic questions will be provided which will 
lead the students to the desired associations. Students will be 
free to "play" with the materials but they will be expected to 
follow a highly directed question and answer pattern before 


continuing on to the following activity. Where elementary 
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concepts have been Srovided physically, students may have a 
choice of further, more complex developments through a build-up 
of physical embodiments or through the use of their own mental 
images of the simpler component structures. Each student will 
be encouraged to respond to written questions only when he is 
satisfied the answers are correct. 

Symbols will be introduced only as they are needed for 
discussion among students. To delete symbols of a 
conventional nature in favor of funny names or some other device 
would be undesirable even though structurally sound. The 
students will be continuing on in the regular mathematics class 
upon completion of work with the research topics and the 
conventional symbol will provide a satisfactory means for 
communication of their newly acquired ideas. 

In outlining an instructional method for the low 
achiever/slow learner certain factors do not appear to have a 
clear logic of inclusion into the instructional program. These 
factors are ones with which the study will be concerned. The 
teacher traditionally lectures or reviews important aspects of 
a concept but we do not know whether this exposition is best 
done prior to manipulation by students or following manipulation 
of physical materials. Scandura (1968), in discussing rule 
application has suggested that when specific rule responses are 
known in advance, the discovery of a general rule may be 
inhibited. Glaser (1968, p. 28) has stated that whereas school 


instruction has traditionally been deductive in nature, that is 
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the rule is stated first and then illustrations provided, 
research has been almost exclusively designed to study 

inductive behavior. He goes on to discuss the need for 
researching the efficiency and advisability of teaching certain 
concepts by the deductive or inductive method. A study of the 
effects of various locations of teacher explanation/demonstration 
in the sequence of instruction will provide some insight into a 
most desirable alternative for low achievers, if in fact one 
exists. Secondly, the effect of daily mastery of concepts and 
activities as determined by responses on exercise sheets related 
to activities can be compared on achievement tests to provide 
clues as to the necessity for competence on simple tasks before 
continuation with more complex. Finally, it is advisable to 
determine what types of materials students respond most 
favorably to as learning devices. It has been suggested that 
students need meaningful activities and yet they often do not 
respond well to social applications of mathematics. A study 
will be included to determine possible preferences for real life 
applications as opposed to those having a purely laboratory- 


mathematical orientation. 
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CHAPTER III 
DESIGN OF THE STUDY 


I. INTRODUCTION 


Assuming a best approach to instructing the slow 
learner in the junior high school does exist, the course of this 
research project was directed toward establishment of those 
principles which would most effectively define that approach. 
The project was designed to provide evidence for incorporating 
certain variables into the theoretical program described in 
Chapter II. This evidence, provided by two groups of slow 
learners, consists of performance scores on achievement tests 
and statements of personal preference. Modifications were made 
on the proposed theoretical framework in light of the project 
results. This chapter contains a description of ne 
experimental design and includes procedures for collecting 
data of a cognitive and clinical nature. Here clinical means 
investigation by observation of student response as distinct 
from controlled experiment. From these data an attempt has 
been made to identify relationships between certain slow 


learner characteristics and student progress. 
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It. THE SAMPLE 


Setting 


An attempt was made to find a school having at least one 
class of students at the junior high level whose learning 
characteristics were those of the slow learner. The school used 
for this study was located in a Portugese speaking community in 


Edmonton. 


Existing Program 


The students had been part of special sections of the 
regular school program and took most classes as a group. Their 
regular mathematics class met each day for 37 minutes with the 
major emphasis on textbook treatment. An expository method 
was used by the teacher and exercises assigned. In addition 
to the Foley Series (Foley, 1970), the grade 7 students were 
given lessons from a textbook (Eicholz, 1965) every Friday. 

The Friday mathematics exercises were primarily aimed at 
remediation and focussed on operations with the rational 


numbers. 


Grade Level 


The sample consisted of one special section of grade 7 
students and five students from a special section grade 8 class. 


The five grade 8 students were selected in order to increase the 
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sample size. 


Student Characteristics 


The sample consisted of sixteen girls and eleven boys 
ranging in age from thirteen to seventeen years. I. Q. scores 
ranged from 56 to 101. For experimental purposes the sample was 
divided into two groups, the mean age and I. Q. of which are 


piven in lable 3.1; 


TABLE 3.1 
MEAN I. Q. SCORES AND AGE OF STUDENTS 


IN THE TWO GROUPS 


Group I Group II 


free 12 15 
thay Bele 85 84% 
Age 14 years, 8 months 14 years, 5 months 


*I. Q. scores for the three non-English speaking students were 
not available. 84 is the mean I. Q. score for the 12 English 
speaking students in Group II. 
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IIIT. TREATMENT 


Choice of Unit Topics 


Content for the project was chosen on the basis of 
uniqueness, simplicity (few entering skills necessary) and 
relevance to future mathematics study. Plane geometry was 
chosen for the first two stages of the project. This topic 
requires sophisticated tools and language which provide a 
fairly high degree of status to the student. Signed numbers and 
metric geometry were selected for the final stage of the project. 
The three topics were entirely new to most of the students 
although a few had been introduced to them during an opticn class 
at a previous time. None of the students were able to give 
satisfactory responses to the most elementary questions 
concerning the various concepts. For example, although a few 
students claimed to have used the protractor in the past, 
none knew what was being measured or how the protractor was to 


be manipulated. 


Choice of Lessons and Materials 


Prior to the project students from the sample has been 
working from the Foley Series during the week with Friday set 
aside to do exercises from a textbook. The Foley Series is 
designed for the slow learner and the researcher decided to 


follow the content form for the plane geometry and sections 
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of the metric ackonteas booklets. All lessons were developed by 
the researcher following the Foley content outline and including 
appropriate activities with question sheets designed for each 
lesson. (see Appendix A) 

An attempt was made to include one major idea in each 
lesson and the lesson was presented in its entirety each session. 
In most instances an idea was presented on two different 
(consecutive) occasions in two distinct forms. Where the 
introduction of an idea was restricted to physical materials and 
constructions, instructions were verbal and materials were 
accompanied by exercise sheets requiring descriptions of what 
the students were doing. All instructions and questions on the 
exercise sheets were verbalized by the teacher and students 
were encouraged to discuss their meaning while manipulating the 


materials. 


Organization for Instruction 


Each student from the sample was assigned to one of two 
groups with two restrictions on the placement. The five grade 8 
students were placed in one group. A certain stigma, attached 
to being integrated with grade 7 students, was alleviated in 
this way. Placement was accomplished so that mean ability, as 
determined by I. Q. scores, were similar for the two groups. 


(See Table 3.1) 


The two groups met in different classrooms during the 
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regularly scheduled grade 7 mathematics class time. The regular 
grade 7 teacher instructed the group comprising all grade 7 
students and the researcher instructed the group comprising 
grade 8 and grade 7 students. The grade 8 students were 
receiving instruction in mathematics during a regularly 
scheduled class three additional periods a week. There was 

no overlap in content with the experimental program. The classes 


met for 37 minutes a day, five days a week. 


Procedure 


The program model was implemented according to the 
rationale set forth in Chapter II. Students were exposed to 
concepts embodied in physical materials before being introduced 
to symbolic representations. Work sheets accompanied every 
activity and each lesson concluded with exercises relating 
ideas from the activity to new situations. The program was 
modified with respect to three variables. The variables were 
arden singly as they effected each of the groups in similar 
learning situations. The three variables studied were: 

Teacher demonstration: This referred to the lecture and 
explanation of a concept given by the teacher. An attempt 
was made to determine whether this action should occur before 
students were involved in the activities concerning the concept 
to be learned or after the activities. In most instances the 
demonstration consisted of an explanation of the idea, including 


its relationship to the physical activity accompanying the lesson. 
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It was more than a set of rules for manipulating physical 
materials but generally included such an explanation. 

Mastery: The degree to which a group of students 
completes a lesson and how this effects long term scores. In 
one group most of the students learned each lesson with at least 
80% correct on each lesson exercise before proceeding. In the 
other group students proceeded through scheduled lessons 
disregarding the level of attainment of the students. The group 
learning for mastery each day was to be assessed at the end of 
each lesson and either the concepts would be reviewed until 
mastery was achieved or, if the degree of mastery had been 
attained, the group was permitted to go on to the next lesson. 

At the end of a two week period both groups were given an 
exercise test covering the material presented to the non- 
mastery group over the two week period. 

Socially relevant vs. laboratory related conceptual 
development: The final lessons were presented in one or two ways. 
The concepts were presented in a setting which was meaningful 
in terms of the student's daily lives and again in a setting which 
was based on mathematical structure but without particular 
significance in terms of past student experience. (see Appendix A) 
Both interpretations were alternately presented to the two groups 


on two different concepts. 


Chronological organization of the study 


Phase I: Group I was instructed for one week with teacher 
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cen panei ee /leteRE tion following lesson activities. Group II 
was instructed using the same lessons but teacher demonstration 
was given prior to the activities. The following week the groups 
were switched with respect to the teacher demonstration factor 
and an achievement test was administered at the end of the two 
week period. 

Phase II: Group I was instructed as in previous lessons, 
using teacher demonstration last, and seven lessons were 
introduced on seven consecutive days. Group II began with the 
same lessons as Group I but the students were evaluated each day 
by the group teacher and a decision was made as to whether the 
group had mastered the concepts involved in each lesson. In those 
lessons where mastery had not taken place (see definition Chapter 
I) the lesson was reviewed on the following day. At the end of 
the seven day period the Group II students had not covered as 
many lessons as Group I. An achievement test was administered on 
the day following the seventh lesson. 

Phase III: During the final series of lessons Group I was 
instructed for two lessons using socially meaningful activities 
whereas Group II received instruction of a laboratory, but not 
particularly real-life related nature. Those lessons were followed 
by two more lessons, introducing a totally unrelated topic 
(operations on signed numbers). The groups were switched so 
Group II received the socially meaningful treatment and Group I 
received the lessons in a setting which did not relate to their 


daily lives. An achievement test was administered following the 


Pe rT. ow 


- 


‘seer veal tivkas rowed gatvabto’ ne 
= tlhe nian eons? ltt alan a 
squeay oft dabw gdtvol tot adT sslsbvihon sit 09 Soa mata wy a 


wodsut tobfatiedomel tstnass odj oF Tages? HTT beni he sew 
ww oily to bne id 22 bovesetiimhs ecw ses Joomeveldos aera 
-bobieqg teow 

panowesl enotverq ni ax bejoursest asw Tl ques ‘Li casa ; 
guew enberst nevee bat, .Je6! polteriemimeb ratoess gnten - : or 

etd ake mhasd 1] quem .zyeb. svi yaooenos ievoe aS besoleetak, i 
aS stand Lesot eve sow ainshuge $ds Jud 1 quod an anowael eae 


ety sodsadu 6% wa ober aay @otalseb s+ brn WSdo8e) quoxy ots Ye - 


evods ot | attdee! dodo pt ‘beylcvet eigsanes offs beve2eee bad quovy : 


senqedD Nobtin¥iab s2u)) sonhq teins ton bet vipaenE Seen AnOMREE ~~ 


7 


to fies of) 7A -yeb aniwal iat eit 1 involves gow aoenel aff a 
es bess765 Jon bard sdihae Iisguats. sil bulysq qb woven ods 7 
no hetsteiniabe sav 2263 Snomsvetioe mh a quand es atazaol qren 
_ stoazal danevee ada. gekwoltot yeb wilt 
way 1qd0ND anoens! to wetyse Isnt adj gabqud EL spat . aa 
@ottividon futgatnesan vitsinoe gui aty anowent ows roi an ‘ 

Bq dud scxodxodilt 2 20 aoddous4ent sowiSbos 12 ‘quer 

ita * Siler seat exstins asad? .stuten bosslex sUhl-Last qimetendiveg 
aoe hecommchawed aussiitonteh inal som ows w 


Sy) 


two sets of lessons. 


IV. CONTROLS 


Teacher Orientation 

Each group was instructed by one teacher. The regular 
grade 7 teacher was a reading specialist with a major in 
Elementary Education and B.Ed. degree from the University of 
Alberta. Her training had included a half year course in 
Mathematics Curriculum and Instruction at the elementary level. 
She was completing her first full year of teaching at the time 
the project was carried out. 

The researcher had taught junior high mathematics for 
one year full time and two years on a part time basis. This 
included classes of slow learners. Training included a B.Ed. 
in Secondary Education and the related Mathematics Curriculum and 
Instruction courses as well as pure mathematics courses. 

The teacher who participated in the study was given an 
interview one month prior to the actual implementation of the 
project. The purpose and content were discussed at that time 
and grouping priorities outlined. A decision was made to present 
a week of lessons to the teacher one day in advance. Each 
lesson would be presented to the teacher by the researcher, and 
any problems could be resolved before implementation. Areas in 
which the teacher felt weak (in terms of mathematical content) 


could be reviewed at that time. 


qeluges ont ssilsna ato vd bedstead enw quoiy dang 


a 
i rotisen » Hatw Satfatooges pothees.6 enw satis t shorg 

- ox 
Yo yalarovinl sdy nok sstgeb . v.48 ben aubisoukd eieoneeely 


ee 


nt damon aay Vian o bebwtorlt bait antitees ae sixes. _ 
Jevet ynesidmete aty ie nofssnzzent bos solute evs sesitat if 
suis sit 36 wotdosed to tad ify? sack? tedeget ‘alqmns am ae 
,duo bahayae Bw dootara ot 

sada votsonailour ifehd tonne Wass bal tail renegade ot 
ait “etasd gtd A1ny 2 nO aipay ol bre onty fo? Saey 00 


{baa «a hebufon) qutdivet ‘BBN Tea wots Jo Seakado tshudsnd 


bas muluateat) eat gamedaem besalsy ona ae act saaees oe | at 
pean: ao smastltam ong Bu thy ea wsetues mokisueganl _ | 

we favig esw chyde oils of Rajedenkiean oft saiinesd adT a 7 
a2 to noksetasmalqal oaiaie aus by bi tas i Sipser odie wotvaszah i 
outs gat 49 bana tee saehiee hin agoqng att el 
sual . sit jas aoteras A. beget tion setataatea smo 
tn ya sna staat oda o> eminent . 
3 —— en Sark 


During these sessions it was also agreed to discuss 
previous lessons, focussing on student responses to both the 
over-all unit content and specific lessons. The teacher agreed 
to keep a diary in which she would indicate feelings toward the 
individual lessons and opinions concerning appropriateness, 
enjoyment for students and teacher, and efficiency in getting 
concepts across. Any irregular occurrences which might effect 
the success of a lesson or series of lessons were also to be 


noted. 


Student Orientation 

A primary consideration in planning lessons for the 
students was the low reading level and an inability to 
associate symbols with ideas. An attempt was made to keep all 
written instruction at a minimum and to simplify vocabulary. 
A further precaution was in-the-class discussion of all written 
material to be used during the lesson. 

An introductory statement was made to the students one 


week before the study began. At this time students were told 


38 


an experiment would be conducted which might provide information 


on how to teach mathematics so it would be both enjoyable and 
efficient. The students were told that they would be in the 
position of "evaluators" and as such would be expected to repor 
those aspects of the daily lessons which did or did not appeal 
to them. A stress was laid on explanations and reasons for 


liking or disliking parts of lessons. An attempt was made to 
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convince the seerdenté that their comments were needed in order 
that any defects in the lessons might be corrected for future 
use. 

Students were informed that the project would replace the 
regular mathematics class for a six or seven week period and that 
test scores would not be used on report cards. Exercise sheets 
were described and, along with exercise tests at the end of 
each unit, it was explained that performance on these exercises 
would provide another means by which the researcher might decide 
which lessons were successful and which were not. The 
responsibility for failure was placed on the materials and the 
researcher and responsibility for evaluation rested with the 
students. 

The students were advised of the need for students from 
both grade 7 and grade 8 to participate in this study and were 
assured that comparisons between grade 7 and grade 8 students 


would not be made. 


V. ANTICIPATED EFFECTS 


Cognitive Aspect 


In view of the literature review and related research 
findings discussed in Chapter II it did not seem reasonable to 
predict treatment outcomes of a particular type. The cognitive 
variables were chosen because they were particularly relevant 


to the instructional program yet at the same time had been 
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neglected in terms of empirically designed research. Instead of 
a statement of hypotheses this Pilot Study was concerned with a 
series of questions designed to provide possible direction for 
further research. The questions underlying the cognitive aspect 
of the study were: 

1. Does student performance on achievement tests relate 
to the position of teacher explanation/demonstration in the 
instructional sequence? Is there an optimal position in the 
sequence? 

2. Do differences exist between scores made by students 
who have mastered a concept and those who have not, but have 
covered more concepts? What is the nature of such differences 
and how might they influence classroom instruction? 

3. Do differences exist between scores for students 
who study concepts in a socially relevant embodiment and 
students exposed to other embodiments? 

In terms of the theoretical basis for the program, it 
was hoped to determine whether consistent incorporation of 


physical materials and grouping measures were indeed desirable? 


Clinical Aspect 


A second aspect to be studied was the relationship between 
student characteristics and classroom performance. In terms of 
the cognitive variables students were expected to provide 


feedback indicating preference of treatment. The main purpose, 
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however, was to determine those factors which most strongly 
influenced progress in the learning situation. Of the slow 
learner characteristics reviewed in Chapter II, which ones 
seemed most influential to the daily lessons and progress in 
general? A relationship between student attributes and academic 
progress was being sought in order that the most significant 


could be isolated. 


VI. DATA COLLECTING ACTIVITIES AND INSTRUMENTS 


Cognitive 


Performance scores on tests related to treatment segments 
provided criteria for evaluation of effects of particular 
variables on instruction. Daily exercises provided feedback 
indicating the value of a lesson in conveying the concept to be 
learned. Insufficient student response on a single lesson 
indicated personal failure to understand written instruction 
possibly attributable to conceptual development. 

The second phase of the study relied heavily upon daily 
exercises, for Group II, as a measure of mastery. Once again 
the exercise test also influenced evaluation of the variable being 
studied. Achievement tests were constructed on the unit 
objectives. Essentially, one question for each objective was 
included with stress upon the application of concepts. 

It was hoped that perusal of daily exercises might 


provide some indication of whether transition from activity 


ne — 7 : Oe 


[7 ¢. (ee 


‘elgnda3e seow dainty atozaet skort ere a me yt | vt 
wete fila 10 .nokapuata gaokiimet aft ole ' 

wspo tality ,F 2s sqallo’ Hb Bowalves eo bse tsenomanae waves 
mt gevrgo7q bus enceest yiteb ail? of ret ayant Mak Jone Semin -_ 


simabase bab soaudiye4e anshyse nevsvied giredoliniat A Tivaewsg ¥. 
Jngastingte s20m afta Jad? +4b40 ot adguee puted ane aem7goTe a. 

a 
botalamt ad bives 


SVMMMUATAKE UAA SYUPIVIDOA GUTTIAION ATAD . 0M a 


seat Jae eT ee boiatst ls ta asttogs si ea 
vihuebades to <izstis to ovens 0s a atrastte ssh vorg 
‘dane’ babivexy a fie iad yitad ',@oseasitseat a6 veldalaey 
sd od apne odd gneerrae> nt poasel «Ta sufey ea nd cteenih eek 
rowed ves a ap) Senugee 2rvsbere tnogats Yuma fourtael 
Hoketid iret oat a oF gutted {nowevaq heszozbad 7 
ean itaver Seuaqenaa ot aa lta vidtesoa — 

ited nog” vend Sonia: tale ao 7G eEend eetalss: fT i 


niess son .yiereen 16 etwecem © 26 , IT quozd wo? , 


gated oliatts. uti 26 netsouisve basmaud tard pate seua' setaesiee | . 
‘ 

= ad? vied sbegsurredins aTey aJaw3: sngmsvaksios - 
“fee hes spore ane! saainget 


42 


centered learning to symbolic had taken place. This knowledge 
might not help predict group performance on achievement tests 
but could provide a rationale for deleting symbolic presentations 


until a later time. 


Clinical 


To gain insight into effectiveness of the materials used, 
students were asked to keep a diary, recording their feelings 
about lessons they had each day. They were asked to describe 
aspects that they did or did not enjoy and include explanations 
and suggestions for improvement. At the end of the first phase 
students were interviewed individually by the researcher and an 
attempt was made to gather data concerning lessons which students 
had particularly enjoyed and those perceived to be mose meaningful. 
During the interview students were asked to compare the project 
lessons with the mathematics lessons they had engaged in during 
the school year prior to the project. Specifically, they were 
asked to compare content, activities and exercises with respect 
to enjoyment, relevance to themselves, and comprehensibility of 
concepts. 

The regular teacher had agreed to keep a diary 
indicating her impressions of various lessons, how well students 
responded to individual lessons, and insights into the over-all 
success or failure of a given lesson. She was asked to study 
the feasibility of implementing these kinds of lessons into 


the regular mathematics program on a full-time basis. The focus 
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here was on preparation time, need for classroom tools and set-up 
time, and extra time for correcting exercises. The teacher 
commentary was modified to exclude the written diary after the 
first phase of the project due to the time factor. Instead, 
verbal feedback was given the researcher at the end of each unit 
and occasional notes attached to the daily lessons. 

The various aspects studied during this project have 
been listed in Table 3.2 with data collecting activities associated 


with each. 


VII. EVALUATION PROCEDURE 


Due to the nature of the sample and purpose of the study, 
a rigorous statistical analysis of data was not advisable or 
possible. A successful interpretation of clinical data depended 
upon the collection of original responses from students. The 
study was designed with the enough flexibility to permit the 
students to indicate those factors which influenced their 
behavior most significantly. Analysis of clinical data depended 
upon continuity of responses among students and the chronology 
of responses as they related to the lesson sequence. 

Data collected on the cognitive variables were analyzed 
and a decision reached as to which treatment merited further 
study or inclusion in the instructional program. 

In terms of cognitive measures, the performance of 
students on achievement tests was recorded and comparisons were 


done for between and within group differences with respect tc each 
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variable. Partially, the success or failure of a variable was 
determined by the scores of the two groups under the influence 

of the particular treatment. Cognitive data was studied in 
conjunction with attendant clinical data and results of the 
treatments were dependent upon both aspects of the study. For 
example, where two treatments seemed to be equally effective 

in terms of achievement scores, student attitude suggested one 
treatment as preferred. Conclusions based on an analysis must be 
carefully considered in this context and future research 
rigorously controlled to ascertain possible cause and effect 


relationships. 
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CHAPTER IV 


A DESCRIPTION AND ANALYSIS OF BEHAVIORS ASSOCIATED 


WITH THREE INSTRUCTIONAL VARIABLES 


I. INTRODUCTION 


This chapter provides a description of the classroom 
behavior resulting from introduction of instructional variants 
outlined in Chapter III: teacher demonstration, daily mastery 
of lessons, and the socially relevant lesson. Data on each 
variable were studied and analyzed from three different 
viewpoints. First, the student diaries were scanned for items 
which directly reflected personal views of the variables. Did 
the students feel that the alternative presentations were 
affecting enjoyment or learning? On direct questioning to 
determine preferred lessons, did student response indicate 
preference for lessons given in a particular manner? If so, 
which treatment of the variable under consideration was 
preferred? 

Secondly, teacher observations are discussed. An 
attempt has been made to determine which lessons were most 
successful (as perceived by the teacher) and whether this was 
influenced by the variable in question. The teacher record 
includes both a description of classroom climate and personal 


preference for alternate variable treatments. 
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Finally, a section is devoted to the actual scores on 
achievement tests administered after each variable treatment. 
The groups have been studied for within and between group 
differences without assuming they are samples from the same 
population. Factors such as absenteeism and language difficulty 
varied greatly between groups. 

The three criterion effects were studied together and 
conclusions drawn regarding the best treatment for each variable 
studied. Where conclusions were based upon one of the criteria, 
reasons were given for the seemingly biased evaluation. 
Conclusions were determined as a direction for further research 
with the variables. As such, they provide a basis for future 


hypotheses. 


II. TEACHER DEMONSTRATION 


The first two weeks of the project were devoted to the 
position of teacher demonstration in the sequence of each 
lesson. 

Week 1: Group I was given the teacher explanation/ 
demonstration following lesson activities and group II was given 
the teacher explanation/demonstration prior to lesson activities. 

Week 2: The arrangement was reversed and group I had 
demonstration first while group II had demonstration last. Lesson 
content was identicai for both groups as were activities, 
exercises and achievement tests at the end of each week. (See 


Appendix) 
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Student response to sequence position 


Very little evidence was found in diaries to support 
either position of teacher explanation/demonstration in the 
sequence. Those responses which reflected a preference for one 
or the other treatment were given entirely by group I students 
along with reasons for the preference. The following excerpts 
were taken from student diaries. 

Student A: I think that I can learn better. ... 

(activities first) because when we're 
doing it we are the ones to set it up 
and if they are on the board we don't 
learn much we just see. 

Student L: I prefer working with chalkboard last 
because teacher could correct your 
mistakes. 

At the end of the two week period, students were shown 

materials from each lesson and asked to indicate: 

1. which lesson they had enjoyed the most 

2. which lessons they had learned most from. 

Students were questioned individually. Results of the two 
questions are indicated in Tables 4.1 and 4.2. 

How students perceived individual lessons appears to be 
independent of the position of teacher explanation/demonstration 
in the sequence. Rather, enjoyment seems to be dependent upon 
certain lessons. For example, lessons No. 5 and No. 11 were 
not enjoyed most by any student whereas lessons No. 4 and No. 6 


were enjoyed most by some students from both groups. Students 


did not seem to perceive enjoyment to be associated with greatest 
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TABLE 4.1 


LESSONS STUDENTS ENJOYED MOST 


Lesson number 


Group 4 5) 6 7 8 9 10 at 
I 111 aie Yo aL 
ey ae: aye 11 11 1 sme 

TABLE 4.2 


LESSONS STUDENTS BELIEVED THEY LEARNED MOST FROM 


Lesson number 


Group 4 5 6 7 8 9 10 Li 
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learning. The greatest number of students from both groups chose 
lesson No. 11 as that from which most was learned yet none chose 


that lesson as most enjoyable. 


Heacheraresponsesto sequence position 


The teacher of group I, researcher and author of this 
report, observed two functions for teacher demonstration. The 
nature of the two functions prohibited conclusions on both. As 
illustration, lessons No. 9, 6, 4, have been chosen for 
reference. From Table 4.1, 4.2, it is apparent that group I 
enjoyed lesson No. 9 to a very great extent. Furthermore, this 
teacher claims lesson No. 9 was in fact the single most satisfying 
in that particular phase of the project. During that lesson, 
students worked with essentially no extra-curricular 
conversation and, for the most part, independently of one 
another. To the observer, the class was anerossed tindiyidualiy 
in the lesson activity. (see Appendix A) In fact, the Vice- 
Principal of the school walked through the classroom and went 
unobserved by all but one student, such was the concentration 
level. The particular lesson had been introduced by the teacher 
and a step-by-step illustration of the lesson activity had 
been presented. The major concept--the sum of angle measures of 
a triangle equals 180°--was verbalized and demonstrated prior to 
class activity. The actual activity of coloring, tearing off 


"angles" and pasting together to form a straight "angle" was 
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thoroughly understood by the students in group I. The particular 
activity of lesson No. 9 required a good deal of direction for 
results (the actual formation of a model for a straight angle) 

to be accurate. It would appear that for group I this lesson 
was a success and teacher demonstration had been givenprior to 
student activity. 

Referring now to lessons No. 4 and No. 6, selected by a 
significant proportion of group I students as most enjoyable, 
both lessons entailed working with cardboard segments, angles, 
and protractor with very simple and concise instructions given 
on the activity sheets. Demonstration by the teacher followed 
the lesson and both lessons went smoothly. The point is, 
students understcod exactly what to do during the lesson 
activities. 

Group II exhibited very little strong group 
preference for a single lesson although lessons No. 4 and 6 
received two votes each while No. 9 received one. It is to be 
remembered that group I was receiving demonstration by teacher 
first for lessons No. 4 and 6 but demonstration last for No. 9. 
The group II teacher reported that students were very 
attentive during the pre-lesson demonstrations but asked very few 
or no questions. Questions which were asked generally referred 
to instructions concerning lesson activities to follow. When 
the teacher demonstration for group II was sequenced to follow 
the lesson activity, as it did in lesson Ne. 9, students seemed 


restless, frustrated and had many questions to ask concerning 
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the demonstration. It was not until the lesson was finished that 
most students realized what they were actually supposed to do 
with the materials. Both teachers noticed that when demonstration 
was first, students watched the screen, blackboard or other model 
but rarely asked questions. When demonstration was given last, 
both groups were generating questions which indicated a need for 
concept clarification. 

The foregoing discussion has been interpreted to imply 
a dual function of teacher explanation/demonstration: 

1. explanation of the step-by-step process to be 

followed in carrying out an activity or activities. 
2. statement of the concept or relationships of an 
abstract nature. 

Communication from the two teachers concerning student response 
under the two variable treatments suggest two trends. First, 
students must have clear understanding of their role in performing 
lesson activities. They must know why certain manipulations are 
being performed but not necessarily what the final result will 
be. Secondly, students will probably not benefit a great deal 
from a statement (or teacher demonstrated model) of abstract 
relationships unless the students have had the opportunity to 


view the basis of these relationships at a personal level. 


Achievement scores measured over the two treatments 


Achievement tests were administered at the end of each week 


in a form similar to that of daily exercise sheets. (see Appendix 
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B) Individual student scores are also listed in the Appendix. 
Group meais, standard deviation and variation are listed in 
Tables 4.3 and 4.4. 

A study of scores at the end of the first week reveals 
group II has a mean of 63.6 while the group I mean is 61.5. The 
"demonstration first" group is very slightly superior. Scores 
at the end of the second week indicate the group I mean is 57.5 
while the group II mean is 69.3. Scores are decidedly superior 
for the "demonstration last" group. Viewing the groups 
individually, one observes that group I had a mean score of 
57.5 when demonstraticn was first and 61.5 when demonstration was 
last. Group II had a mean score of 63.6 when demonstration was 
first and 69.3 when demonstration was last. 

A confounding factor appears when averaging achievement 
scores for group II. The group performance can be attributed 
to the scores achieved by the three non-Unglish speaking 
students in the greup. A breakdown of group II into English and 
non-English speaking subgroups is shown in Tables 4.5 and 4.6. 
Comparison of scores for the groups takes on a new perspective. 
Whereas group II seemed to score slightly higher than group I 
on both achievement tests, the teacher explanation/demonstration 
last treatment seemed to favor both groups. With the extraction 
of the non-English speaking subgroups, differences in means 
between the two original groups are not significantly different. 
The most striking effect is that on the scores of the non-English 


speaking students. The first week their mean score (under the 
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TABLE 4.3 
MEAN ACHIEVEMENT SCORES UNDER THE TWO TEACHER 


EXPLANATION TREATMENTS FOR GROUP I 


N M SD 52 
Week 1 
demonstration ibe 6155 20 469.3 
last 
Week 2 
demonstration 2 5D Z19 479.8 
first 

TABLE 4 3% 
MEAN ACHIEVEMENT SCORES UNDER THE TWO TEACHER 
EXPLANATION TREATMENTS FOR GROUP II 

N M SD 52 
Week 1 
demonstration aes) 63.0 eheO ae. 
first 
Week 2 
demonstration il) 69.3 Zest 609.6 


last 
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TABLE 4.5 
MEAN ACHIEVEMENT SCORES UNDER THE TWO TREATMENTS 


FOR THE ENGLISH SPEAKING SUBGROUP 


N M SD 5? 
Week 1 1D. 66.5 14.9 Zils 
Week 2 12 64.6 pA Yo | Seas 

TABLE 4.6 
MEAN ACHIEVEMENT SCORES UNDER THE TWO TREATMENTS FOR 
THE NON-ENGLISH SPEAKING SUBGROUP 

N M SD 5? 

Week 1 3 eed, ee 367 


Week 2 3 88.3 8.1 O57 
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teacher explanation/demonstration first treatment) was S1lf7s 
lower than the group I mean by nearly 10%. On the second 
achievement test (when teacher explanation/demonstration was 
last), their mean score was 88.3%, higher than the group II mean 


by more than 23%. 


III. DAILY MASTERY 


This variable was treated in two ways: 

1. Group II was responsible for completing the daily 
exercises with 80% correct for at least ten of the students. 

2. Group I covered each lesson and continued on to the 
next without regard for degree of mastery. 
Content for this phase of the project was a continuation of the 
first two weeks. (See Appendix A) The plan for group II was 
for a decision to be made by the teacher as to whether the group 
had mastered a particular lesson. If it was decided they had 
not, a review lesson was given which reviewed the basic concept 
at the next class meeting. It was expected that group If would 
have covered fewer lessons at the end of this phase of the project. 
An achievement test was administered following the seventh 
lesson. Group II had completed six of the seven lessons and 


group I had completed all seven. 


Student response to the Mastery Lessons 


The diaries revealed no specific comments concerning 
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mastery per se, but notes taken were relevant. Students for the 


first time indicated they were having difficulty with 


"understanding" the material and also indicated for the first 


time they found certain lessons "boring." Some comments from 


both groups are included in chronological order to give the 


reader an idea of the general feeling of that group. 


Comments from Group II 


May 10: Student S$: 


Student D: 


May 11: Student M: 


Student D: 


May 16%—6 Students: 


Student M: 


Today's math was really great. 
I really enjoyed it. 


Today's lesson was fun. 


Today's lesson was a little 
bit hard but I think it was 
really enjoyable. 


Today's lesson was sorta 
hard because it was new 

but I know all about concave 
and convex. 


Todey's math was kinda boring 
but the time went fast. 


I really did enjoy math today 
but it is getting a little 
bit harder every day. 


Comments from Group I 


May 11: Student J: 


Student. Es 


May 12: Student R: 


I hated today's lesson. 


Measuring this work is a 
Itttie hard for me, i don't 
understand iteatsallsesthat's 
why I don't like it. 


I liked the lesson because 
that man (Dr. Kieren) 
helped us and he even gave 
us harder questions but 
they were easy to us. 
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The above sampling may be taken as an indication that 
students were feeling ill at ease with the lessons on many days. 
In one instance, a student indicated she knew all about concave 
and convex (the lesson concerned measurement of Reflex angles). 
A check of that achievement test item indicated she did not. 
However, a further check of that student's daily exercise 


indicates she did in fact satisfactorily complete the questions. 


Teacher Response to the Mastery lessons 


The group II teacher indicated the lessons in general 
gave the students more trouble than the previous phase of the 
project. Furthermore, assessing the student's daily mastery had 
proven difficult in view of student participation in group work. 
The teacher was unable to determine whether individual students 
had in fact done their own work and mastered the concepts 
independently. Exercise sheets reflected a high degree of 
mastery. The teacher decided to question students to satisfy 
herself they did indeed understand the material. Her decision 
was based on this oral questioning in addition to completed 
exercises. 

The teacher of group I, the group following the pre- 
conceived lessons at a pre-planned rate, noted a general lack 
of understanding on many of the lessons. Students had a 
difficult time understanding questions on the exercises and 


frequently did not complete an activity independently. The 
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Students also complained they were given more difficult 

lessons than the other group. The frustration level was quite 
high and absenteeism increased considerably. Of the seven 
lessons, three of the five grade 8 students were truant on four 


occasions. 


Achievement scores 


An achievement test was administered following the seven 
lessons. Both groups took the test, which covered material from 
all seven lessons, although group II had covered only six. A 
comparison was made of mean scores for the two groups and a tally 
was made of the number of students who received full credit on 
each test item. Items corresponded with individual lessons. 

Table 4.7 shows the mean group scores and Table 4.8 
is a tally of number of students responding correctly to each 
item. (A list of student scores on the achievement test are 
included in the Appendix.) 

The group means were not very different, the mastery 
group showing 30.5 and group I showing 35.3. Consulting Table 4.8 
however, one sees that item 7, that which tested the concept 
studied in the last lesson and which had been covered by group I 
only, did not serve to explain the difference in mean scores. 
Only one student answered the item correctly from group I and 
none from group II. 


The items missed on the achievement test were similar 
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TABLE 4.7 


MEAN ACHIEVEMENT SCORES OF BOTH GROUPS 


AFTER THE MASTERY PHASE 


N M Sp) Es 
Group I 12 2503 18<2 Oo ied. 
Group II 13 BOs Lone 397 
TABLE 4.8 
PERCENTAGE OF STUDENTS RECEIVING FULL CREDIT ON ITEMS 
ON THE MASTERY ACHIEVEMENT TEST 
Test Number of % of Students Number of % of Students 
Item Students who who responded Students who who responded 
responded Correctly responded Correctly 
Correctly Group I Correctly Group II 
Group I Group II 
1 6 (0) 6 (.46) 
2 4 (33) ) (254) 
3 2 (.17) 4 GOL) 
4 S (.42) il (.08) 
5 0 (0) 0 (0) 
6 il (.08) a (.08) 
7 1 (.08) 0 (0) 
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for the two groups with differences occurring on item 2, which 
tested the only lesson repeated by group II, and items 3, 4, 
and 7. Items 2 and 3 show a significantly better performance 
by group II with 54% and 31% of the students responding 
correctly whereas group I had 33% and 17% responding correctly. 
Items 4 and 7 show group I superior with 42% and 8% responding 
correctly compared with 8% and 0% for group II. 

It is apparent that success diminished for both groups 
as the series of lessons proceeded. Group II shows best 
results on the item which tested the only lesson which had been 
repeated and on the item immediately following. Group I is 
superior for item 4 at which point group II began to show a 


decline in performance. 


IV. SOCIAL RELEVANCE VARIABLE 


During this phase of the project, both groups were 
exposed to linear measure and operations with signed numbers. 
Linear measure was presented to group I as an application to 
things the students were familiar with. For example, they were 
asked to measure such items as pencils, ribbons, books, etc. 
Group II was given an academic context which consisted primarily 
of paper and cardboard models of geometric shapes. The context 
was switched for signed numbers and group II was presented a 
model with which they could easily identify. (see Appendix A) 
Group I used a game which was essentially a mathematical model 


with which none of the students were expected to identify. 
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Student responses to the two activity types 


A perusal of the diaries reveals both groups had 
commented on the linear measure lessons. Group I, those who 
were using familiar objects, were split in attitude to the 
presentations. Of eleven students for group I who responded to 
the second lesson on linear measure, four liked the topic, four 
disliked the topic and three were neutral. Reasons for liking 
the lessons were primarily associated with being able to use a 
ruler. Students recognized the value of such an accomplishment. 
Reasons for disliking the lessons were almost unanimously boredom 
with the repetition of measuring. 

Of seven from group II who responded to the lessons on 
linear measure, four made positive comments, one was negative 
and two were neutral. Again it was felt that skill in using 
the ruler was a good thing to have. Some students also felt 
using the ruler was fun. The negative comment was made by a 
student who claimed he did not like working with the ruler. 

(His teacher indicated he was unable to measure fractional parts). 

The lessons on operating with signed numbers proved 
confusing to both groups. Group I had no diary entries but 
seven students responded to a question of preference on the 
achievement test. (see Appendix B) Of the seven, five claimed 
to have enjoyed the game, one response was negative based on 
the fact that the student never won a game, and one response was 


neutral. Group II diaries revealed six comments; three favorable, 
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two negative and one neutral. The favorable responses claimed 
the Postman Stories were fun, while the negative claimed the 
model was confusing. Eight students responded to the 
preference question on the achievement test. Three said they 
enjoyed the lessons and five said the lessons were too 


complicated or confusing. 


Teacher response to the two activity types 


The group I teacher had few observations regarding the 
linear measure lessons. Students generally did their work with 
some grumbling about too much repetition. Students as a whole 
seemed to be confident they had mastered linear measure and were 
not favorably disposed to practising with the ruler. Measurement 
of such ordinary items as one's notebook seemed to interest 
students initially but the novelty soon wore off. Students 
did not really seem to care how long a pencil might be in 
inches. 

The group II teacher reported a similar class reaction 
to practise with the ruler. Students found learning to use the 
ruler a valuable endeavor, but repetition of measurement 
exercises bored them. 

The lessons involving operations with signed numbers 
proved very eventful for both teachers. The group I teacher 
reported high excitement over playing a game instead of having 
a regular lesson. The rules of the game were carefully explained 


but students often failed to abide by them--using rules which were 
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often easier to apply but caused a breakdown in the structural 
model necessary for the desired operations. Also, it was 
observed that certain students who understood the game would 
deliberately mislead opponents in showing them how to score! 

The competitive spirit was so keen that students disregarded 

much of the structured playing and scoring necessary for building 
a model with which to associate the signed number operations. 

The teacher for group II reported a very different problem 
in her group. Students seemed anxious to participate in the 
Postman deliveries and responded correctly to delivery of mail 
but were unable to correctly symbolize the deliveries in 
mathematical notation. It was discovered after the lessons had 
been presented that a large portion of the solutions (about 1/3) 
on the teacher's answer sheets had been incorrect. It is 
supposed that students were unable to correct their exercises 
properly and thus a plausible explanation for their confessed 
"confusion". One can only presume the degree to which the 
incorrect assessments affected subsequent performance on the 


achievement test. 


Achievement Scores for the Lessons 


Scores for individual students are recorded in the 
Appendix. Table 4.9 and Table 4.10 show the group means and 
standard deviation for the two types of lessons. 

As can be seen from the tables, group means are very 


close for the two groups in linear measure. The difference is 
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TABLE 4.9 


MEAN ACHIEVEMENT SCORES ON BOTH TOPICS 


FOR GROUP I 
Lessons N M SD 5? 
linear* 
measure 9 bos5 14.6 PHS yk 
signed 
number 
operation 9 41.6 24.8 497.5 
*Those lessons taught in the socially relevant setting. 
TABLE 4.10 
MEAN ACHIEVEMENT SCORES ON BOTH TOPICS 
FOR GROUP II 
Z 
Lessons N M SD S 
linear 
measure 13 64.9 1959 396.7 
operations* 
signed 
numbers Bs Bo. 21.6 468.2 


*Those lessons taught in the socially relevant setting. 
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more striking for operations with signed numbers. 


Summary of Findings 


An werent has been made to determine a basis for the 
incorporation of three variables into a particular instructional 
program. The three variables were: 

1. Teacher explanation/demonstration 

2. Mastery of daily lessons 

3. Socially relevant activities. 

Teacher explanation/demonstration was found to have a 
dual function. It served as a set of directions which indicated 
how students were to proceed and what questions were to be 
answered by an activity. A second function was that of a 
statement of relationships of an abstract nature. As a set 
of directions and questions, teacher explanation was best 
provided prior to the lesson. As a statement of relationships, 
the explanation was best given following lesson activities. 

Findings during the mastery phase showed no significant 
differences in achievement scores between students who had 
covered all seven lessons and those who had covered only six. 

A difference was observed in the number of students responding 
correctly to the lesson reviewed by the mastery group. 

The social relevance context provided students with a 
familiar model from which to abstract ideas. Students in the 
socially relevant setting were aware of structural limitations 


whereas the students in a purely laboratory setting were not. 
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CHAPTER V 


STUDENT ~ TEACHER RESPONSE TO CERTAIN ASPECTS OF 


THE INSTRUCTIONAL PROGRAM 


I. INTRODUCTION 


The instructional program was formulated on certain 
assumptions. In this chapter an attempt is made to validate those 
assumptions in terms of student and teacher response. This 
chapter also includes a record of clinical data bearing on 
student performance. The three areas discussed in detail are: 

1. physical activities -- an assumption was made that 
physical activities are a necessary part of concept development 
for the students under study. Did evidence support this 
assumption? 

2. grouping -- it was assumed that permitting students 
to discuss the lesson activities and help one another find 
answers would have a positive effect on learning. Did evidence 
support this assumption? 

3. extra-instructional factors -- did available data 
suggest that extra-instructional factors were influencing student 
performance in the classroom? What was the nature of the 
influence? 

Student and teacher responses were derived from diaries 


and personal interview data. 
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II.* RESPONSE TO PHYSICAL ACTIVITIES 


During personal interviews with individual students the 
researcher asked each student two questions: 
1. What did you like or dislike about the materials 
used during daily lessons? 
2. How would you feel about continuing this approach 
with other math topics? 
Students were questioned individually and had no opportunity to 
discuss their answers with one another before the interview. 
Reasons for liking activities, given by students were of 
two types: 
1. Students would rather do the activities themselves, 
not just listen to the teacher. 
2. It is easier to get the answer to questions on 
exercise sheets since the student can see what happens. 
Included are a representative sample of responses from 
students of both groups: 
Student C: The objects helped get the right answers 
to questions on exercises. In some 
cases it is just as easy to look at 
pictures. 
Student V: Using materials makes it easier to 
understand and get the answers right. 
I -don't want to go back to the old 
way of doing math. You don't have to 
waste time getting answers (this way). 
I would not like another topic. 
Student A: You label the objects yourself and you 


learn more. With pictures you just 
see the labels. 
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Student R: I would not like to go back to the 
textbook because I get more out of 
using the things. I always understand 
with the objects. You can check 
your answers by using the angles you 
have in your hand. 

Student C: I like geometry and would like it 
out of a textbook. I would not like 
to go back to the old math. Would 
like any topic using objects. 

The overwhelming majority felt the objects and activities 
were easy to use and made questions easier to answer. More 
importantly, the students found the activities enjoyable and 
preferred lessons with them. Interestingly, students generally 
did not believe it would be possible to use physical objects in 
lessons other than geometry topics. They believed they enjoyed 
geometry and would like it even in a textbook. Fractions, 
generally used synonomously with "the old math," were thought 
to be dull no matter how they were approached. In the minds of 
the students the activity centered lessons were inextricably 
tied in with geometry (and presumably operations with integers). 
They did not wish to return to the "old math" (that which they 
were doing prior to the project) because it meant fractions. 

In general, they thought they would not like fractions even if 
it meant using physical objects to learn about them. 

The teacher response to the activity centered lessons 
was equally positive. The researcher, who developed all lessons, 
was reinforced in her belief that students were enjoying the 


activities to a high degree. It was clear that students retained 


images of physical activities and models from one lesson to 
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another. Questions were answered by students who referred to 
their mental images of these past activities. 

The teacher for group II, a volunteer for the study, 
indicated her belief that students were enjoying and learning 
more than with the textbook approach. She had one overwhelming 
objection to the lesson activities and this was the amount of 
time and labor it involved for her. Even though all materials 
and lessons were prepared in advance by the researcher, the 
group II teacher found implementation both mentally and 
physically exhausting. It is to be remembered that this teacher 
did not have expertise in the field of mathematics and each 
lesson required more preparation than would a textbook 


presentation. 


III. RESPONSE TO GROUPING 


Slow learners generally have little perseverance and 
need structured lessons with simple directions. It is 
theoretically desirable to encourage students to verbalize 
concepts and yet in practice these students often seem to abuse 
the "privilege" of working in groups. It was therefore thought 
desirable to study the response to group work; both how students 
felt about working in groups and how the teachers reacted to the 
grouping. 

Student comments in the diaries were generally very 
favorable to working with other students. In certain cases 


single students indicated they would rather work with a partner 
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other than the one they had been assigned or even a partner 
from the other group. Usually, students were permitted to pair 
up by choice and the reaction was that of enjoyment. It was not 
unusual for a student to claim he/she enjoyed the class because 
he was working with a friend: 

Student S: Today the lesson was interesting. 

It was nice to have Debbie back and 
I enjoy working with her. 

In groups where students were not "best friends" there 
was a reluctance at first to share knowledge. Some students 
would work independently, covering answers on exercise sheets, 
and refused to discuss the meaning of activities to others in 
the group. One can only assume this is a habit formed through 
years of being told to "do your own work." 

The teacher for group II was reluctant to permit group 
work for fear discipline problems would arise. Students were 
told they would be permitted to pair up only if noise was kept 
down and discussions involved material in the lessons. The 
group I teacher observed students worked well in groups with a 
need for occasional reminders that topics of conversation should 
be confined to the lesson activities. Initially, students 
seemed quite reluctant to share information. They were also 
reluctant to discuss the activities within earshot of the 
teacher. This situation gradually changed so by the end of the 
project ideas were flowing freely. Students still needed 
reminders to confine conversation to math topics but the 


teacher did not feel this problem was great enough to justify 


munctnng « amoro x6: Kesha aaah tm eae Sm Od i 
aha 09 Lov Porter, Pe ee VEtaaet queng madae weld 
jor anv 1 seas 30 tk Ai oar. Re i ied 
gaynood sends ona heyol me ofe\sd meets ob Soelooe « 302 Leveumy 
| shuts 9 date galatsow ewe 
aatsastoant Bay ina ons ‘Cwbhor Fe desbuse 
bre tosd “sidds@ syad of poth esw at 
od date grtinaow vols TI 
ei3i3 “ahnots) sasd" t60-s7ew binebuae szetw aquatg at ~ 
einsbutn moe .eebolwood soate os dovd? 34 eomegoulet & okey 
,ejaerda entoxrere oo suuwenrn gotcevon  .yliesiuagebnt drew bigow 


ah ‘evartoo an eslytvidod Io Bead (pect ols 2auryebiy a? bosutes bes 7 y 
fqvomit boeait stied w ef- ett} ctwaer viene. wad BnO - .quory edd =}. 
“gow avo asey ob" eo bled poled Ioarsey 7 


quotg Jimtsq 67 Jantoe{er sew IT query, 24%. tedogneg edt 
baw eteshyss laette bhveG adding antetsele weet so Meee 
Iqa paw aadon Ut cleo qu. tag, ot ton re set blucw yods- blot 
oat. .anonaet snd mt Ietasson es aieheavoelh bre awnt 

hk Walw eqearp wl Ltn. ian tow asanyys hovzetde tatloesa I quozg, 
bluote wotssaqeyins, 10 sxkgos sede crbans fapotensoe 133 oan 
edaobuse tutvenl .eetsiviton qwomed al? o2: tnatoos. $d 
apelin Nohioersink ones of fantutin eatoy tome 

: a9 In Jortazie HANORN DSRS untae seatintal 
Redaidaciaticeun eiwubatg. sooineutte stat rene 


J2 


restricting students to silence and independent study. 


IV. EXTRA-INSTRUCTIONAL FACTORS EFFECTING 


CLASSROOM PERFORMANCE 


Response to the grading procedure 


Originally, students from both groups had been informed 
by the research that marks from the achievement tests would not 
be recorded on report cards. They were given to understand that 
for the duration of the project their test marks would be used 
as an indication of the success or failure of the experimental 
method and as feedback to the researcher indicating need for 
modifications. The regular teacher had agreed to record report 
card marks based only on student cooperation during the project. 
Students had been very enthusiastic about the prospect of such 
a grading system. 

The first two weeks of the project went fairly smoothly 
in terms of marking with essentially no response in the diaries 
to testing of marks. In fact, students seemed to think of the 
project as pitting one group against the other and were highly 
competitive about group averages but unconcerned (or so it 
seemed to the teachers) about individual marks. This very 
desirable attitude took an abrupt turn for the worse during the 
mastery stage of the project. During the 4th class on mastery 
(May 16), the group II teacher, disgusted by the group attitude 


and failure to cooperate, told her group that marks from the 
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achievement tests would be used on report cards. She read 
previous achievement marks of individual students to the group. 
The student response to this declaration is mirrored in diary 
entries for the day: (May 16) 
Student C: I HATE THIS MATH! The reason I hate 
this math is because you try and 


all they care is the mark you get. 


Student T: I HATE THIS MATH AND I WILL NEVER 
LIKE IT AGAIN! 


There were three positive responses to the daily lesson of May 16 
found in the diaries, but these were entered by students who had 
managed relatively good scores on the achievement exercises. 

All negative comments were aimed at the entire project, as 
indicated above, and not at a single lesson. The group I students 
showed no diary entries for that particular day. 

The teacher of group II reported the student response to 
her statement on marks. She said the students who had done 
poorest, as well as one or two who had done very well on 
previous achievement exercises, refused to cooperate in any 
more lessons. They would not finish exercises until threatened 
with punishment. 

A check of the items correct on the mastery achievement 
test indicates that both groups show a major drop in performance 
on itemsafter No. 3 for group II and after No. 4 for group I. 
(See Tebles 5.1 and: 5.2) It is a very suggestive fact that 
this sharp drop in performance coincides exactly with the day 


after which students were told their marks would be recorded on 
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TABLE 5.1 


PERCENTAGE OF STUDENTS RECEIVING FULL CREDIT ON INDIVIDUAL 


ITEMS OF THE MASTERY ACHIEVEMENT TEST IN GROUP I 


i 


Lesson No. Date Test Item % of correct on item 
i May 10 ut 720 
2 Af 2 Pes Ye 
5] ks) 3 cpl, 
4 16 4 pay 
5 - 6 si 5 - 6 .08 
a 18 i 08 
TABLES) «2 


PERCENTAGE OF STUDENTS RECEIVING FULL CREDIT ON INDIVIDUAL 


ITEMS OF THE MASTERY ACHIEVEMENT TEST IN GROUP ITI 


Lesson No. Date Test Item % Of correct on item 


1 May 10 all 46 
2 iki py 54 
3 16 3 on 
4 gif 4 .08 
5 = 6 18 yy Lonale) . 08 
7 -- 7 .00 


23 


WES) 


report cards. Some students refused to learn when it meant 
being graded on their performance. It is not known whether 
this refusal serves as a defense mechanism or simply is a 


logical reaction by students who know they will fail anyway. 


Student—-Teacher Relationship and its Effect on the BEOvece 


Slow learners in general have a very acute need for 
teacher approval. It is difficult to determine exactly how this 
need relates to learning and achievement and whether in fact the 
slow student-teacher relationship is significantly different 
in its effect than that of the average ability student. There 
is some evidence that slow learners, unable to accept a steady 
diet of failure, use the teacher as a scape-goat. The student 
failure is then rationalized. He has failed because his teacher 
"doesn't like him" or the subject under study "doesn't make 
sense."' The student furthermore responds to the lesson in an 
emotional fashion. Whereas all students undoubtedly are 
affected by their perceptions of the teacher, with average and 
above average ability students, the subject is the primary 
consideration with teacher disposition more of an incidental 
factor. Evidence from this project suggests that teacher 
behavior, as perceived by the students, may have a powerful 
influence on student perception of lesson activities. Following 
are some entries made by students in their diaries: 


Student C: I liked math today because the teacher 
was nice today. 
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Student Ke: I enjoyed the lesson today because we 
had a new advisor (Dr. Kieren visited 
the class). Last year the teacher 
didn't let me do math. She always 
yelled at me. But you (the teacher) 
tell us it quite well. 

Student M: Today's lesson I did not enjoy because 

when other people are here I get 
nervous. 

It is quite clear that many of these students respond to 
teacher and lesson as a unit. It is not known whether this 
response is modifiable. In view of the above entries it can 
be concluded that to some of these students the enjoyment of a 


lesson or activity is directly dependent upon their perceptions 


of the teacher. 


V. SUMMARY 


Reasons for incorporating physical activities into an 
instructional program for low achievers/slow learners fall into 
two categories: enjoyment and efficiency of learning. This 
project supports the enjoyment category without reservation. 
ee from both groups indicated great appreciation for the 
physical activities and stated a desire to continue the use of 
such materials. Most saw the materials as facilitating 
understanding of concepts. As a pilot study, no control group 
was used and hence no attempt was made to compare achievement 
under a regular inclusion of physical activities with that of 
the traditional or textbook approach. One teacher found the 


activities very exhausting. 
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Permitting or encouraging students to work in small 
groups was part of the project. Student response once again was 
highly favorable. Students were reluctant to talk about answers 
to be written down at first but this problem eased with time. 

A tendency to gossip during group-work developed but was 
generally not considered a serious problem, 

The response to using achievement scores as a means of 
reporting to parents was considerable. Both groups exhibited a 
significant drop in quality of performance on achievement 
exercises when they were told marks would be used on report cards. 
Students were openly rebellious at this time and many refused 
to participate in the learning experiment any longer. Marking 
was shown to foe a very negative effect on the learning 
situation for these students. 

Students perceived a lesson to be an extension of the 
teacher herself. Lessons were frequently cited as fun or not 
fun because the teacher was "nice" or "mean" that day. The 
student response associated with negative teacher behavior 
proved to negate any reward intrinsic to the lesson itself. 
Whereas teacher disapproval of students had a very definite and 
debilitating effect on student reception of a lesson, teacher 


approval did not necessarily insure that a lesson would be well 


received. 


wrewann susan et a smassoten say riots sabderowed ehighd 
avy athe beaae sit: ett Add sakh 36 rach oastew 9d es 
ew Dutt hagetaved AreaWTHONE ytaoh qieeng es qonetast A 
| cwelticig auotive & bmuwhtamo> som etlavedag 

to aekon, FoR sekuhs saad iets ualey og sniogney of 
& heakdlies’ eqyosy aot Sideybbeuos eaw etmetag 49 wasr0qns 
srreneveyion fo So@ayrotyag Yo yiiloup mt qoth savsrhtagta 
-Qbimns Jrequr no. ligat oq al ivan bio? stew ead mei sen iatase, 
beets yabi bons ons oh sn. wud Lister earth avew oinabul 
qeiatel. .asgr7ol no. drenksqus gaitesal of? of idtnkatirene oe 
guiazes! ed po sasttu echiagen wey # svad 9) awode. sev 
ejcekute seedt 302 goliauste 
sid lo nolacetéa an 30 ~ rdeea!l & beviesreq eimebu3e 
Jom to mod an belts ¢éanenpesd. ovew, anhened :deeterl vedpass 
nit .xsh ands “nse! s0 “ocka” anw cpitosnd ok? sumnsed yl 
Tolunied rsHoso? subIngen div ietehoowEs oRneqned Insheute 
Mesit modes ort of alwhhwin’ brewer yan seagem oF bavotg 
bao obbqkisd yaw & butt doaebirte Jo Tavongyae vetises?] anevolW 
Tefloins roast 2 To riitdqaoss thabuse no Joe kto gitseakitdeb 
Liaw ioe tation noma» Senet Utineansen, tom bib Levonggs, 


CHAPTER VI 


SUMMARY, CONCLUSIONS, AND IMPLICATIONS FOR MATHEMATICS 


EDUCATION AND FURTHER RESEARCH 


I.. PURPOSE OF THE STUDY 


The purpose of the study was threefold. First, it was 
a pilot study to determine the feasibility of implementing the 
theoretical program of instruction for slow learners in a 
long term comparative study. Secondly, three variables were 
studied to determine the effect of each on the instructional 
program and to determine their subsequent incorporation into the 
instructional program. Finally, the study was designed to 
determine those student and teacher characteristics which most 
strongly influenced the learning process in the given 
situation. 

The instructional program was synthesized from existing 
theories in developmental psychology and mathematics instruction 
and based on needs peculiar to the slow learner. The three 
variables studied included: 

1. teacher demonstration 

2. mastery of daily lessons 

3. socially relevant activities. 

An analysis of student behavior during the project was 


undertaken to provide a basis for modification or extension of 
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the theoretical program. In addition to the three variables 
mentioned, the study included an analysis of student response 
to certain fundamental elements on which the instructional 
program was founded. The single most important was the physical 
activity factor. Student response to activities was recorded in 
student diaries and by the researcher during personal interview. 
Student response to group work was studied to determine 
feasibility of permitting group work on a regular basis. The 
literature reveals a strong psychological case for permitting 
students to work in groups since it permits them to exchange 
and clarify ideas. Studies with slow learners indicate they 
may not be able to cope with such grouping. The present project 
was used to shed light on this problem. 
The design of the project was structured so that it would 
be possible to study student responses of a non-academic nature. 
Such responses might be expected to reveal effects of the 


conceived sequence and hence lead to alterations in the sequence. 


II. FINDINGS OF THE STUDY 


The findings of the study fit two general categories. 
The first includes treatment of variables in the instructional 
program and is cognitive in nature. Second is the affective 
category which includes student's personal feelings about the 
method as well as student characteristics which either 
facilitated or hindered learning. 


Specifically, the major findings were: 
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An analysis of the teacher demonstration variable 
yielded a need for expansion and redefinition to 
include two subsets. One, the instructions to be 
followed, and questions to be answered during the 
activity, should be presented prior to each lesson. 
Two, a statement of the existing relationships and 
concepts should be presented following the lesson. 
In teaching for mastery of daily concepts it was 
found that students do perform at a higher level on 
items which test their retention. Performance on 
items which tested concepts of lessons studied by 
the non-mastery group but not the mastery group was 
not adequate to explain differences in over-all 
achievement scores. 

Activities of a socially relevant nature were found 
to be more meaningful to students. Students were 
able to relate the activity structure to the 
mathematical structure in the social relevance 
setting but were unable to make the transfer from 
the purely laboratory setting. 

The activity approach to all lessons (using concrete 
materials) was perceived by students to be enjoyable 
and an efficient way to learn. They felt they 
understood questions better and were able to answer 


them more easily when using physical aids. 


Grouping to permit students to discuss activities and 


; sidettar eisiiatedeanls sontaeiy ok a snc 8 
| od wept teri isle brit nokeabines 10% lean ® aoa 
sd a) agoldoudsan? of ,ond seywelun owe paladaln : 
ofa oobinh je ravedy od 09 ofedeeup Bae ,bewoltod 7 
mouse! Hoda ds waihrq) hetasbard od) hiwate iiviioe 
bae antitenoltels: sabtelas mio Yo dqemageve. 6 ow? 
noiad! mig gutwelfot bedreasvq ad bivota emgeones 
gsw of atquoay> vila To progaee 904 gatvtnnes “i- +5 
no level taduid-e Ie awtaeq 6b aresbuse day dave 
no S4raerretss? jeobtaaget wists sess doldw wmerk 
| 
vd babnuon ongerel 40 eaggenna badess dy driw emoyxt 
Bem quate Yrdlind sds Yon dnd qiowy 15d 9 Ra recat wits 
Pfe@sayve of asonergthi i giatawo oF oS eegiehs gon 
+040. desea tekee 
bavol a16w syvitsn ianioten yilelous # do eatsiviaw +€ 
sry eteaobowe | wadebusy 9 Luigmbpisn yea os ot 


wid of ssbyoridse YA iae ete siniar oF olde 


; gonivetes Lutoay eis nt esvisosts lagltemediom 


- 


moti felaness vda or «d sidaay » vad sud prbsaen 


ott ; sgntrine porno sous fs. 7 
; ederane2 Hive) niiaedot Ila oF donorage eines if 

i a r 4 a : 
; : ; atteiptay - 04 eaviabuye » xd a wow a 
} 


tena ite wiilens prraery ies ihe 
a - re) ada 9 ~ <s sean m cone 


ee 2 : 


‘Pa Ate rou od eres aay te 
ee fxoday aN ete can 7 7 ‘ he nah 
= a v4 ib ” re oe ” - 7 lt 


‘ 
a Pied, 4 Y We: 
: ies at No ial 


81 


exchange ideas was found to increase enjoyment. 

6. The convention of using scores from achievement 
tests to indicate progress on report cards had a 
very undesirable effect on students: many of them 
stopped participating and cooperating in the lessons. 

7. Students found lessons enjoyable or not depending 
upon how "nice' they thought the teacher was during 
the lesson. 

8. Virtually all students stated a preference for the 
instructional methods used during the project over 
that which had been used before; ie., a textbook, 


independent study approach. 


III. CONCLUSIONS AND IMPLICATIONS FOR 


MATHEMATICS EDUCATION 


In view of the above findings it is possible to arrive at 
a number of directed statements and their implications for the 


teaching of mathematics. 


Teacher Explanation/Demonstration 


Findings for the teacher demonstration variable suggest 
a need for clear, concise and simple instructions for each 
lesson activity. This should include some indication of 
relationships which should emerge from the activity. Given 


prior to a lesson, teacher explanation/demonstration functions 
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to clarify procedures to be followed and why they are being 
carried out. A statement of relationships which do exist and 
concepts which will be developed is best left until the 
activities have been completed. There is some evidence to 
suggest that students do not attach meaning to statements of 
specific relationships or concepts of an abstract nature when 
they are presented prior to the lesson. Furthermore, students 
who are permitted to actively involve themselves with the 
abstractions are more apt to ask questions when statements are 
given following the activities. A certain amount of confusion 
and need for clarification existed following the activities 
which resulted in a more meaningful learning situation for the 


students when statements were made by the teacher. 


Mastery of Daily Lessons 


Findings for the mastery phase of the project were 
somewhat colored by the duration of the phase and the response 
to marking of report cards which occurred at that time. The 
degree of frustration and boredom which existed in both groups 
and the very low group means suggest that students should 
probably not be rushed through lessons under any circumstances. 
Superiority of performance on the lesson which was reviewed by 
the mastery group is sufficient to justify the expenditure of 
time necessary to insure mastery. It is difficult to assess the 
meaning of performance on the last two mastery lessons and test 


items but it appears that the topic (concept) covered in a 
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lesson by the non-mastery group did not add significantly to 
their achievement scores as compared with those of the mastery 
group which had not covered the concept in question. There is 
a reason to believe a cumulative effect does exist and this 
does favor teaching lessons for mastery of the concept involved. 

The decision to determine mastery of a given lesson by 
completion of daily exercises was inadequate. One cannot 
assume retention because daily exercises are complete. In the 
future, it would be wise to arrange a testing tool to be 
administered following a lesson and preferably a day later. 
This would ensure deletion of such confounding factors as 
"copying" exercises from another person in the group and hence 
showing false mastery. 

In comparing student opinion of daily lesson to results 
of achievement test it can be seen that students do not appear 
to be aware of what they have or have not learned. They 
indicate frustration and boredom but only rarely do they see 


the cause to be an inability to comprehend what is going on. 


Socially Relevant Activities 


Findings from the social relevance phase of the project 
were based to a great extent on accuracy of student transfer 
of activity model to mathematical structure. Students who were 
aware that a specific model was unalterable (the Postman Stories 


group) were considered to be learning in a more meaningful way 
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than students who believed it was acceptable to alter the 
activity to make it easier. The latter students (those using 
the game approach) were unaware of the abstractions involved and 
could not be expected to abstract correctly unless the activity 
model remained as presented. Carrying this a step further, 
students felt free to alter the game because it had no real 
meaning to them. The rules were simply rules and anything that 
might make the game more fun was considered permissible. With 
the Postman stories, a very relevant model, such facts as 

being happy when the postman brings a check are both personally 
meaningful and unalterable. The case is a good one for inclusion 


of contexts to which students can easily relate. 


The Optimum Instructional Sequence 


In terms of the findings and conclusions stated above, 
the instructional program can be defined with respect to the 
teacher explanation/demonstration variable. The sequence for 
introducing a concept to slow learners at the grade 7 and 8 level 
will be as follows: 

1. Teacher will give detailed instructions to be 
followed during the lesson activity. This will 
include a statement of the problem to be solved 
(questions to be answered) by the students. 

2. Physical embodiments will be presented as activities 


to be discussed and symbolic representation will be 
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introduced at that time. 
3. Teacher will summarize the findings and give a 
statement of relationships or concepts developed 


during the activity. 


Lesson Activities 


The activity involved with each lesson was unquestionably 
enjoyed by the majority of students. In terms of possible long 
term effect on attitude it would be considered desirable to 
continue including activities to be carried out by students 
during each lesson. There is another function of the inclusion 
of activities, that of concrete embodiment. Slow students at 
the sample age level are not often able to comprehend symbolic 
representations. The physical manipulations provide a more 
compatible mode for them. Furthermore, many students claimed 
they remembered physical objects from a previous lesson and 
used those mental images to help with a new and more complex 
activity. Inclusion of physical activities on a regular basis 
is desirable because it provides the student with something 
he finds easy and enjoyable and, more important, an efficient 


way for this study to learn mathematics. 


Grouping 


During the present study students were permitted to 


work in groups of two or three students. They were encouraged 
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to discuss activities and answers and to explain why they 
believed an answer to be correct or incorrect. There was some 
abuse of the talking but neither teacher felt the problem 
serious. Characteristically, slow learners are not thought to 
have the self-discipline necessary to work effectively in groups. 
There was no evidence to support that belief in the present 
study. Student response to group work was based on the sociability 
factor--they enjoyed working with friends. This is not seen as 
a problem. If students are informed of the necessity for 
conscientious group work and the consequences of abusing the 
opportunity, they can be expected to perform as well in groups 


as they do independently. 


Student Response to Discipline 


In noting student comments in the diaries, one theme 
was seen to repeat for many students. Their perceptions of 
lessons were related directly to their feelings toward the 
teacher on that particular day. This finding is very difficult 
to correct for since most teachers would not punish a student 
without good reason. Obviously, certain forms of discipline 
are taken personally by the students. An attempt should be 
made to use disciplinary measures which do not carry personal 
stigma. A counter-example would be the use of marks to punish 
inattentiveness. In essence, this action was placing a value 


on the student personally. This problem of associating 
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lessons with ARP nea is greatly dependent upon the 
fact that the student is unable to separate himself from his 
action. Where a teacher may be punishing a bad action the 
student reacts as though he were "bad." Students must be made 
aware that they, as individuals, are not disliked. Only then 
will they be able to respond to an act of discipline for what 


it is--an action on a behavior, not a whole personality. 


IV. IMPLICATIONS FOR RESEARCH 


The overall response to the pilot program suggests the 
desirability for further research with the proposed program of 
instruction for slow learners. A comparative study involving 
the instructional program would be expected to involve at least 
one semester of full-time implementation. The development of 
an appropriate series of lessons would be necessary before the 
comparative study was carried out and this would be expected to 
involve perhaps a semester of piloting and modification. Clearly, 
a series of lessons to which the proposed sequence might be 
fitted doew not exist. 

The inclusion of physical materials has been 
recognized as beneficial to slow learners but the question 
remains of how often and how many activities involving physical 
materials should be used. It is possible that with some concepts 
only physical materials would suffice for students at the 


junior high level. Studies are needed which will determine topics 
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which are taught best using physical embodiments and those which 
may be handled symbolically. It is hypothesized that students 
are able to make the transfer from concrete to abstract--as 
evidenced by performance on achievement tests. However, it is 
not known when the transition takes place--at what stage of the 
lesson or activity--if at all. If the transition has taken 
place is it then safe to assume that more complex concepts and 
relationships, built on previously learned ones, can effectively 
be taught without concrete materials? Will the mental images 
stored from previous lessons suffice to build with? Although 

it would probably do no harin to incorporate physical activities 
even when they are not necessary for learning, such an 

inclusion could prove unnecessarily time-consuming. 

The proposed program was conceived specifically for 
slow learners. Many schools maintain heterogeneous classes and 
teach to the average ability child. The method described in 
this paper could prove flexible enough to satisfy average 
students while filling the needs of the slow learner. 
Implementation in a regular classroom could be studied and would 
provide feedback as to special considerations necessary for 
regular use with a heterogeneous group. 

Very serious considerations must be given the present 
marking system and its effect on slow learners. Studies should 
be designed which permit comparison of achievement scores for 
students under systems which compare them with other students 


and systems which compare them with themselves. Students are 
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often forced to become disruptive as the only honorable way of 
failing. Even the slow learner knows, perhaps better than 
other students, that it is stupid to do one's best and fail 
when one can do nothing and fail equally well. The full effect 
of this attitude on achievement and success has yet to be 
determined. 
A very valuable study would involve the achievement 
score effects of student-teacher relationships and perception 
of lessons. We have observed during this study that students 
do not like a lesson when they think the teacher has been "mean." 
A well designed study would correlate test items and lessons 
done when the teacher was "mean" as compared with test items 
and lessons when students thought the teacher was "nice." 
Studies carried out on any aspect of the cognition of 
the slow learner must be done in the context of the slow 
learner reality. It is an exercise in futility to expect the 
slow learner to respond to situations where values and abilities 
of "model" students prevail. That which is real and meaningful 
to the slow learner must be determined and systems of 


reinforcement developed to accommodate those values. 
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AND EXERCISES 
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LESSON #9 
(from Phase I) 


Name: grade: 
group: 
date: 


Materials: 2 triangular models cut from construction paper. 1 red and 
1 blue. 


I. Tear the angles off your large triangle and arrange them around the 
point "C'' above the line below. Be sure the vertices point toward 
the point "C". Tape them down. Repeat this process using your 
second triangle but this time arrange the vertices below the line. 


II. What can you tell about the total number of degrees in the angles of 
each triangle? How many degrees were there in the 
other student's triangles? 
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LESSON #15 
(from Phase II) 


Name: grade: 
group: 
date: 


I. For each polygon on these three pages, draw a diagonal from one 
vertex to all the other vertices. How many triangles have been 
formed in each case? 


number of 
sides 


number of sides 
triangles 
triangles 
fae. Se 


sides 


triangles sides 


triangles 
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triangles 


Name: 
group: 
date: 


sides 


triangles 


sides 


triangles 


of 


grade: 


sides 


triangles 


Name: 
group: 
date: 
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grade: 


99 


Name: grade: 
group: 
date: 


Number of 
triangles formed 


a 


Number of 
Sides 


Name of 
Polygon 


Sum of angle 
measures 


ena ee © 


triangle Lx 180° = 9180" 


4 = gon 


Quadrilateral 


5 = gon 
Pentagon 
6 - gon 


Hexagon) 


7 - gon 


Heptagon 


8 - gon 


Octagon 


9 - gon 


Nonagon 


10 - gon 


Decagon 10 


I. Subtract the number of triangles formed from the number of sides for 
each polygon. What do you get? 
II. How many triangles would be formed with a 20-gon? (20 sided polygon) 


How many degrees would there be in the total angle measure? 
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LESSON #20 
(from Phase IIL) 
Postman Stories 
(a model for operating on integers) 
Name: grade: 
group: 
date: 
I. We will be talking about checks and bills. What is a "check"? What 
tsiadl biLi 2 
II. We will always use a + sign to mean a check. A sign will mean a 


bill. These are called "positive" (+) and "negative" (). 


a check for $5 is written: +5 


abil iIetor cd 165) woitten: 5) 


III. The postman (mailman) brings checks and bills. 


When he brings a check for $5 


we write: +15 


When he brings a bill for $5 
we write: + 5 


IV. Sometimes the postman takes checks or bills away from us. 


When he takes a check for $5 
we write: -'5 


When he takes a bill for $5 
we write: - 5 
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Would you be happy if the 
Would you be happy if the 
Would you be happy if the 
Would you be happy if the 
Below are some things the 
whether he brought checks 
Are you happy or sad? 
Monday +'6 

Tuesday hs 

Wednesday’—"3 

Thursday + 4 


Friday + 6 
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Name: grade: 
group: 
date: 
postman took back a check? 
postman took back a bill? 
postman gave you a bill? 
postman gave you a check? 
postman did on certain days. Can you tell 
or bills? What happened on each day? 
Monday a7 
Tuesday a6 
4- 
Wednesday + 5 
Thursday rae et: 


Friday TF 15% 
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Name: grade: 
group: 
date: 


Beginning on Monday, you have a balance of $20 in your house. 
Tell what happens on each day and how much you have left at the 


end of the day. 
Monday: $20 
16 eG 


are you richer or poorer? 
How much will you have on Tuesday? 


Tuesday: 

“3 +4 

are you richer or poorer? 
Wednesday: 
+4 + 6 

what did the postman do? 
Thursday: 
+7 + 3 

what did the postman do? 
Friday: 

“4 + 6 

what did the postman do? 


Monday: 


eG 


What is your balance on Monday night? 


How much? 


APPENDIX B 


ACHIEVEMENT TESTS 
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ACHIEVEMENT TEST #1 


(Phase I) 


Name: 
group: 
date: 


Find the measure of each angle below. 


104 


grade: 


ele. 
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Name: grade: 
group: 
date: 


Given the following angles: 


1) Name all the acute angles. 
2) Name all the obtuse angles. 


3) Which angles did you need your protractor to measure before you 
could tell whether it was acute or obtuse? 


A C 
D 
G 
A 
B CG 
gator oat 
E rc ee 
——__, 


udy, Steed, stundam od ande@inen 
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Name: grade: 
group: 
date: 


III. Given the angles below, tell how many degrees in the complement 
of each. ; 
How many degrees in the supplement? 


80° 


—_—- 
IV. Given the triangles below, name the sides and angles of each. 


ye side Angle 


X 


i) 


fies Jo eolynn bee eobin ott saeh ,woled eslgneta oda nov. 2 


she i 
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Name: grade: 
group: 
date: 


side Angle 


V. You have been given two cardboard angles. Can you make a triangle? 
If so, sketch the triangle. 


VI. Given the triangle RST below, answer the following questions about 
the triangle. 


o at 


folgcetey Wb step wey aod jeahpiey Invited wea mevig good ovnd 0k is 
aie olvunlyg of7 doteda ,oa 21 


weds rintssavd sAtwe ted atts tavent , wate TH akgontes ody mvt 3 
| aur one 


< 
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Name: grade: 


1) Which points shown are in the interior of the triangle? 


2) Which points are in the exterior? 
3) Which points are on the triangle? 


4) Which points are in the interior of <R? 


—— ' 
j bios Ace 

a sofgnviias silt 0 zotingdel do: aX” axe! maciie, eaiiiy aaah é 
Cypbtoinne dala nk ote nttiteg Makaw (5 

. Stamatis an oe aang Mati CE a 
ai | 


ap natie 7 yi ian 


ACHIEVEMENT TEST #2 
(Phase I) 
Name: grade: 
group: 


date: 


I. Look at the triangles below. Which triangles are acute triangles? 


Which triangles are obtuse triangles? 


Re a 


70 


O 55° 


D 


II. Look at the triangles below. How many degrees are there in the 
missing angle measures? 


109 


Da TS 


Choljantay pause os solgnalt) dali! .worad welgdakes od Ja dood a 
femigustys amido oan eetgantsa fond 7 


“7% 
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Name: grade: 
group: 
date: 

B 

50° 


MaCe= 


M<X = 


III. How many degrees are there in the exterior angles shown below? 


M<CRBD = 
A 
60° 
: eters 
D 16, 
ME<eZ re = 7 
Be ap | 
a 


IV. What is the measure of each interior angle indicated below? 


0 m< NLM = 


fwoled betsotSal styre adivmses done Yo ose ott 


_ =~ 
eh todW « 
a 


Vic 


pb BE 


Name: grade: 
group: 
date: 


Look at the triangles below. Find the angle measure for each 


remote interior angle indicated. 


1s} 


S eR 


ACHIEVEMENT TEST #3 
(Phase IL) 


Name: grade: 
group: 
date: 


I. Below is a group of figures. Circle all the polygons. 


II. Which of the figures shown below are convex polygons? Circle your 


answers. 


DOR 


Se, 


-peiuzlod afk Pin sfo2a9 .astrvgd ido qrosg & af wolet ee 


Lig 


Name: : grade: 
group: 
date: 


III. What is the measure of the interior angle shown below? 


rd 


m<CDE = 


IV. Below are a group of polygons. What is the total angle measure for 
each? Show how you got your answer. 


7 7 


fouled mwoda wipes tofvetos ei? to otanene ody ob 36dW ur 
a 
7 


7 
. 


a é ] 
S: total measure = Pa 


total measure = 


| ae 


total measure = 
V. What is a Regular Polygon? 


VI. Below is a regular Polygon. Find the measure of one angle. Do not 
use a protractor. Show your work. 


= ghana tados 


ie a 


Name: grade: 
group: 
date: 


VII. You are given the measure of each central angle below. What is the 
measure of each arc indicated? 


m<PCS = 47° 


m<BCP = 40° 


m <ACB = 39° 


m <ACS = 126° 


7 7 
folazy 
ag) oh Sai walad /iwee. lertphio does oO S3eseda ‘ais nmavigQ ap 


ay 
‘patealint 23 fioge Je oe 


44 Fh | 
o 

ip ivd 
Phe }! il 
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ACHIEVEMENT TEST #4 


(Phase EIL) 


Name: grade: 
group: 
date: 
I. Measure all objects to the nearest 3". 
i, “string 2 
2. straight edge of your protractor 2 
3. top edge of your brown envelope . 
4, The following segments: 
Ss é m AB = = 
D E me. 
m DE = 
x Sor: eneennine AROS A Oe 
II. Measure all sides to the nearest ¥%". 
1. The sides of your green diary _ ? 


(Measure all sides) 


2. The sides of the white. card ? 


3. The sides of the following figures: 


116 


What is the 
measure? 


What is the 
What is the 
What is the 


How did you 


be 


Name: grade: 
group: 
date: 
m AR = 2 
m BC = 4 
m AC = ? 


perimeter of your green diary? What does 


perimeter measure of the brown envelope? 
distance around A ABC? 
perimeter of figure QRST? 


find the answers to 4a, b,c, dt 


Lt 


ate 
a= Wa 
=e | 
We ZT. 

| a _ 
4 ao ne hank SN A (es _ 


a] 
ct tl i a i . 


ENS: 


gig hs 


ACHIEVEMENT TEST #5 
(Phase III) 
Name: grade: 
group: 


date: 


Find the answers to the following: 


a) +4 412 = pay ee. 
ey a ee 
c) +4-25 ees 
‘age 2 4) = 
e) +6 m4 = OL 
ce ee 
g) --3 a = ah peers 
h) +3 Oe pees 
Leo 29 6 
18 a) 
k) +7 -6= |. 
1) Pi iicil ic) ceils ee 


What did you like about the lessons on using the ruler? 


What did you dislike? 


Did you like the lessons that showed how to add and subtract negative 
and positive numbers? Why? 
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APPENDIX C 


STUDENT SCORES 
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GROUP I 


I.Q. SCORES AND PERCENTAGE SCORES ON THE FIVE ACHIEVEMENT 
TESTS FOR INDIVIDUAL STUDENTS 


TQ 


102 
84 
101 
90 


70 
78 
81 
90 


78 
i 
88 
62 


Phase I Phase I Phase II Phase III Phase III 
week 1 week 2 (Mastery) (measurement) (operations on 
integers) 
50 80 45 -- zs 
50 25 65 64 50 
62 65 60 54 44 
44.4 55 £9 60 Me 
44.4 20 5 40 44 
dS 60 19 =a 7 
61.2 95 a1. 68 13 
LVRS ey) 42 -= == 
91.6 60 oe 94 75 
ORG Be 63.2.2 70 18 
94.4 90 65 64 (8) 
50.0 30 26.3 56 25 
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GROUP II 


I.Q. SCORES AND PERCENTAGE SCORES ON THE FIVE ACHIEVEMENT 
TESTS FOR INDIVIDUAL STUDENTS 


I 
ee ern a NE 


ID IQ Phase I Phase I Phase II Phase III Phase III 
week 1 week 2 (Mastery) (measurement) (operations on 

integers) 

13 7 fees’ 100 Slomns) 76 50 

14 44.4 85 seh 76 50 

13 aoe 80 2 Gers -- cad 

16 93 33.4 10 29 76 25 

aby 87 50 30 15.38 68 12 

18 56 6a 85 LonG 84 SM 

1g 80 To 60 24 —— == 

20 93 DDO is) 40 52 25 

21 82 Slr? 80 == 72 25 

a2 75 dias 13 Sind 16 12 

22 o2 66.8 70 SHEMS 56 81 

24 85 died 75 -- 80 25 

Zo 91 66.8 35 45 vee. 0 

26 89 81.0 80 34 a2 = 

27 83 88.8 100 -— 84 yf) 


Toa 


m) sven, ae 1 etait? 
no leant ( sensors ast our) is aoe 
he at Bae ond 

ve of is 

E88 


a 


oe 
9 
@ 
o 
e 
be 
ie 
7 
= 
7 


Caan 
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